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PREFACE 


During  the  three  decades  from  1920  to  1950,  considerable 
progress  was  made  throughout  the  country  in  the  mechanization 
of  agricultural  production  and  specifically  in  the  use  of 
mechanical  power  on  farms. 

In  Idaho  the  use  of  tractors  on  farms  has  kept  pace  with 
that  reported  for  the  country  as  a  whole.    Somewhat  more  than 
23  percent  of  all  farms  in  the  State  reported  tractors  in  use 
in  19^  and  h2  percent  so  reported  in  19^5. 

Before  the  introduction  of  small  tractors  during  the  middle 
1930's,  the  use  of  mechanical  power  was  limited  chiefly  to  farms 
large  in  size  or  in  power  requirements.    Adaptation  of  mechanical 
power  to  small  farming  units  opened  a  wide  field.    However,  little 
information  is  available  as  to  the  use  of  mechanical  power  under 
conditions  found  on  irrigated  farms.    These  farms,  because  of  size 
of  operation  and  particularly  because  of  special  operating  con- 
ditions, have  problems  in  application  of  tractor  power  which  differ 
from  those  on  nonirrigated  land. 

Basic  data  for  this  study  of  the  use  of  tractors  on  irrigated 
farms  were  obtained  through  personal  interview  with  about  280 
farmers  in  the  major  irrigated  areas  of  southern  Idaho.    The  farm 
survey,  which  covered  the  availability  and  use  of  farm  power  during 
the  19^0  season,  was  completed  in  the  summer  of  19^1.    Before  the 
analysis  of  these  data  was  well  under  way,  more  urgent  work  in 
connection  with  the  war  necessitated  extraction  of  the  most  needed 
information  for  immediate  use  and  the  postponement  of  the  major 
analytical  work  until  after  the  war. 

The  study  was  originally  designed  to  provide  physical  data 
regarding  the  use  of  tractor  power  on  irrigated  farms  of  family 
type  and  to  contribute  material  basic  to  the  efficient  use  of 
mechanical  power.    Through  an  investigation  of  the  use  of  power  on 
irrigated  farms,  information  was  also  to  be  obtained  regarding  the 
proper  combination  of  power  and  implements  and  the  minimum  sizes  of 
operations  and  farming  units  of  various  types  on  which  tractors  can 
be  used  economically. 

The  long  delay  in  analysis  does  not  impair  the  value  of  physical 
data  collected  ana  the  method  used  in  the  study  is  still  of  interest. 
The  delay  does  preclude  an  analysis  of  all  phases  in  which  prices 
and  price  relationships  are  involved,  as  for  instance,  the 
determination  of  minimum  sizes  of  operations  in  which  tractor  power 
can  be  economically  employed. 
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SUMMARY 


Areas  in  southern  Idaho  included  in  this  report  in  many  re- 
spects are  typical  of  general  farming  areas  in  the  West  where 
intensive  agricultural  production  is  carried  on  under  irrigation. 
They  do  not  represent  areas  in  which  one  or  more  specialty 
crops,  as  fruits,  occupy  a  large  part  of  the  irrigated  land.  In 
southern  Idaho,  such  characteristics  as  size  of  farm,  major 
crops  grown,  and  length  of  season,  vary  somewhat  by  individual 
areas  but  these  variations,  are  confined  .to.  rather  narrow  limits 
determined  primarily  by  soil  and  elevation. 

To  learn  about  the  use  of  power  in  individual  field  operations, 
in  all  operations  performed  in  the  production  of  a  given  crop,  as 
well  as  total  use  on  a  given  farm,  it  was  necessary  to  express  the 
use  of  varying  types  and  sizes  of  tractors  and  the  use  of  horses 
by  a  common: denominator.    This  was  accomplished  by  converting 
fuel  consumption  of  tractors  into  horsepower  hours  and  convert- 
ing horse  work  into  equivalent  tractor  work.    Thus,  the  use  of 
tractors  as  well  as  horses  is  expressed  in  horsepower  hours. 

Of  the  tractors  in  use  oh  farms  in  1940,  almost  three -fourths 
were  of  the  tricycle  type  and  the  remainder  were  primarily  stand- 
ard type  machines.    Only  a  few  tracklayer-type  tractors  were  in 
use.    The  average  age  of  tractors  was  almost  5  years  for  tricycle 
and  more  than  6  years  for  tracklayers.    A  large  percentage  of  the 
latter  were  bought  second-hand.    More  than  three-fourths  of  the 
wheel-type  tractors  were  operated  on  rubber  tires  and  most  of 
them  were  bought  new.    Of  those  operated  on  steel  wheels,  less 
than  half  were  bought  new  but  the  average  horsepower  rating  was 
11  percent  higher  than  that  of. tractors  operated  on  rubber.  More 
than  90  percent  of  all  tractors  had  a  rating  of  less  than  20  draw- 
bar horsepower,  and  well  over  half  had  less  than  15  HP. 

Throughout  this  report  the  terms  "horsepower  hours  used" 
and  "energy  consumption"  as  derived  from  gallons  of  fuel  used 
have  been  used  more  or  less  interchangeably.    But  it  should  be 
noted  that  these  terms  must  be  distinguished  from  "energy  re- 
quirements" which  are  also  expressed  in  "horsepower  hours." 
Energy  requirements  can  be  learned  accurately  through  dyna- 
mometer tests  only.    The  relationship  between  energy  require- 
ments and  energy  consumption  is  touched  upon  in  the  discussion 
on  the  method  of  analysis  used  (pageU)  and  discussed  in  greater 
detail  in  a  chapter  beginning  on  page  65. 
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In  addition,  the  use  of  horses  in  field  work  in  1940  was 
rather  extensive.    Only  horses  used  in  field  work  were  con- 
sidered available  power.    Their  number  and  average  use  in- 
creased as  the  size  of  farm  increased.    Horses  were  found 
on  90  percent  of  the  so-called  tractor  farms  included  in  this 
report,  while  less  than  3  percent  of  the  farms  did  not  use 
horses  in  field  work.    On  more  than  7  percent,  horse  work 
was  hired  or  exchanged  for  tractor  woxk. 

On  the  basis  of  work  accomplished,  one  horse  was  found 
to  be  equivalent  to  somewhat  more  than  two  drawbar  horse- 
power of  mechanical  power.    Total  power  for  field  work,  con- 
sisting of  tractors  , and  horses,  increased  with  size  of  farm  but 
less  than  in  direct  proportion.    Thus,  on  farms  of  less  than 
50  acres,  as  measured  by  cultivated  land,  one  horsepower  was 
available  for  every  2-1/3  acres;  on  farms  of  150  to  200  acres, 
one  horsepower  was  in  use  for  every  6  acres  of  land. 

The  use  of  power  in  field  work  was  influenced  by  many  fac- 
tors, of  which  draft  of  the  implement  and  speed  of  operation 
were  most  important.    Although  fuel  consumption  of  tractors 
was  reduced  by  a  lighter  load,  this  reduction  was  less  than  in 
proportion  to  a  decrease  in  load.    Greatest  efficiency  was  ob- 
tained when  tractors  were  operated  at  or  near  capacity.  For 
lighter  loads,  the  inefficiency  in  operation  was  sometimes 
overcome  by  an  increase  in  the  speed.    But  for  most  field 
work  there  is  an  optimum  speed  which  could  not  be  exceeded 
without  reducing  quality  of  work. 

In  plowing  sod,  farmers  used  an  average  of  0.  74  rated 
horsepower  per  inch  of  cut  of  moldboard  plow.    This  meant 
using  almost  22  horsepower  hours  per  acre  of  plowing-  Horse- 
power hours  per  acre  were  lower  when  the  ratio  of  power  to 
size  of  implement  was  lower,  but  increased  rapidly  as  the 
combination  of  power  and  implement  became  less  favorable. 
The  range  was  from  16  to  34  horsepower  hours  per  acre.  In 
plowing  stubble  or  row-crop  land,  a  slightly  higher  speed  was 
maintained  and  this,  together  with  a  lighter  load,  resulted  in 
an  average  energy  consumption  for  this  operation  of  about  17 
horsepower  hours  per  acre. 

Horses  were  used  more  frequently  for  light  operations  or 
when  pressure  of  other  work  was  less  urgent  and  a  slow  speed 


and  careful  work  were  wanted  for  good  performance.  For 
heavy  work,  one  horse-hour  was  equivalent  to  1.  3  to  1.  5  horsel- 
power  hours  on  the  basis  of  work  accomplished.    For  light 
work,  one  horse-hour  was  equivalent  to  2.0  to  2.8  horsepower  . 
hours.    Therefore,  in  comparison  with  mechanical  power, 
horses  had  a  considerable  advantage  in  light  work  and  so  were 
more  difficult  to  displace. 

Total  horsepower  hours  per  acre  of  a  given  crop  is  influ- 
enced by  the  place  it  occupies  in  the  rotation  and  by  the  kind  and 
frequency  of  individual  operations  that  are  necessary.  Grain 
crops  required  a  relatively  small  number  of  horsepower  hours, 
particularly  if  grown  after  a  row  crop.    If  grown  after  another 
grain  crop,  the  necessity  of  plowing  the  land  increased  the  con- 
sumption of  energy.    Row  crops,  particularly  potatoes,  required 
a  relatively  large  amount  of  power  for  preparation  of  the  land  and 
for  cultivating  operations.    These  crops  generally  followed  alfalfa, 
and  involved  heavy  work  for  plowing.    No  conclusive  evidence  was 
found  that  the  amount  of  work  done  or  the  horsepower  hours  used 
per  acre  varied  by  size  of  farm. 

Of  the  total  horsepower  hours  used  in  field  work,  about  48  per- 
cent was  spent  in  preparation  of  land;  somewhat  more  than  6  per- 
cent in  planting  operations,  approximately  19  percent  in  cultivating, 
and  27  percent  in  harvesting.    Cf  the  total  work  done  by  tractors, 
almost  60  percent  was  for  work  in  preparing  the  land.  Horses 
were  used  forall  of  the  principal  types  of  work,  but  harvesting 
of  forage  crops  was  the  outstanding  operation.    They  contributed 
35  percent  of  the  total  work  done  on  fields,  as  measured  in  equiva- 
lent horsepower  hours. 

Considering  all  work  done  by  tractors  and  horses  on  farms,  it 
was  found  that  on  the  average  total  consumption  of  energy  per  farm 
increased  by  775  horsepower  hours  for  each  10  acres  of  cropland 
on  cash-crop  farms,  and  by  865  horsepower  hours  for  each  10  acres 
on  mixed  cash- crop-livestock  farms. 

In  planning  the  type  and  size  of  power  to  be  employed  on  irri- 
gated farms,  total  work  as  well  as  its  seasonal- distribution  must 
be  considered.    Total  consumption  of  energy  per  farm',  or  total 
horsepower  hours  used,  depends  upon  the  crops  grown,  sizes  of 
fields,  and  horsepower  hours  per  acre  for  the  individual  operations. 
Seasonal  distribution  of  energy  consumption  depends  upon  the  most 


opportune  time  for  each  operation,  the  amount  of  work,  and  the 
time  available  to  do  it.    An  illustration  of  the  seasonal  distribu- 
tion on  a  typical  cash-crop  farm  in  the  Upper  Snake  River  Valley 
shows  that  the  major  power  load  occurs  in  the  spring  when  work 
in  preparing  the  land  in  various  fields  is  done  almost  simultane- 
ously with  the  planting.    These  are  followed  immediately  by  the 
cultivating  operations.    Harvest  begins  with  the  first  cutting  of 
alfalfa  at  the  end  of  June  and  ends  about  the  first  week  in  Novem- 
ber with  the  harvest  of  sugar  beets. 

Investment  and  operating  costs  were  calculated  for  purposes 
of  comparison- -they  are  no  longer  an  indication  of  existing  levels 
Operating  costs  of  tractors  per  unit  of  work  accomplished  were 
only  slightly  higher  than  those  for  horses.    If  labor  as  well  as 
power  operating  costs  are  considered,  the  use  of  tractors  was 
considerably  more  economical  than  using  horses. 

In  any  study  of  the  use  of  power  on  farms,  the  use  of  labor 
is  important.    A  reduction  in  man  labor  and  its  costs  is  the  chief 
purpose  of  using  mechanical  power  and  equipment. 

Taking  the  average  of  all  farms,  only  about  25  to  30  percent 
of  the  total  labor  was  used  in  operation  of  power  and  equipment. 
For  operation  of  tractors  and  equipment,  man-hours  used  per 
farm  averaged  478  while  for  the  operation  of  horses  and  equip- 
ment man-hours  used  averaged  991.    An  additional  85  man-hours 
per  farm  were  used  for  hired  field  operations.    Labor  used  for 
operating  power  in  production  of  major  crops  varied  from  about 
4  man-hours  per  acre  for  alfalfa  on  which  two  cuttings  were  made 
to  more  than  14  man-hours  per  acre,  of  potatoes.    A  considerable 
variation  in  the  amount  of  labor  used  per  farm  in  operation  of 
power  and  equipment  was  due  to  the  varying  proportions  of  work 
done  by  horses  and  by  tractors  on  individual  farms  or  fields. 


FARMING  IN  THE  MAJOR  IRRIGATED  AREAS 
OF  SOUTHERN  IDAHO 


The  major  irrigated  areas  of  southern  Idaho  are  located  along 
the  Snake  River  which,  together  with  its  tributaries,  provides  the 
water  needed  to  carry  on  more  intensive  types  of  agriculture  than 
soil  and  climate  would  otherwise  permit.    The  location  of  survey 
areas  and  farms  visited  for  basic  data  used  in  this  study  are  shown 
in  figure  1. 

Except  for  wheat  and  other  small  grains,  the  climate  in  southern 
Idaho  does  not  permit  the  production  of  most  cultivated  crops  with- 
out irrigation.    Average  annual  rainfall  is  generally  below  12  inches 
and  seldom  exceeds  4  inches  during  the  growing  season.    The  length 
of  the  growing  season  is  governed  primarily  by  elevation,  which  is 
highest  in  the  eastern  part.    Because  of  low  rainfall,  there  is  little 
weather  interference  in  field  work;  when  it  occurs,  it  is  usually  of 
short  duration.    The  major  meteorological  data  affecting  farming 
and  the  use  of  power  in  field  work  are  given  in  table  1  for  the 
weather  stations  within  the  three  major  irrigated  areas. 

Crop  and  livestock  production  are  typical  of  many  of  the  irri- 
gated areas  in  the  vVest.    Of  the  total  land  in  farms  included  in  the 
study,  about  38  percent  was  in  forage  crops  for  hay,  seed,  or  pas- 
tures; almost  30  percent  was  in  row  crops;  and  20  percent  was  in 
grain  crops.    The  remaining  14  percent  of  the  land  was  in  farm- 
steads, gardens,  ditches,  and  wasteland,  and  to  a  minor  extent, 
in  specialty  crops  such  as  vegetable  seeds  and  orchards.  Dairying 
was  the  main  livestock  enterprise,  although  in  areas  located  at 
greater  distances  from  population  centers,  it  was  exceeded  by 
sheep.    Beef  cattle  were  kept  on  a  number  of  irrigated  farms. 
Hog  production  was  small  on  most  farms  and  production  of  poultry 
was  insignificant. 

Size  of  power  and  extent  of  use  are  influenced  by  size  of  farm, 
type  of  production,  and  somewhat  by  rotation  or  amount  of  work 
that  must  go  into  preparing  the  land.    A  crop  which  was  preceded 
by  a  sod  or  grain  crop  ordinarily  required  more  work  in  the  prep- 
aration of  land  than  one  preceded  by  a  row  crop.    The  type  of  pre- 
ceding crops  indicates  that  the  usual  sequence  in  a  rotation  of  crops 
on  irrigated  land  was  a  sod  crop,  such  as  alfalfa,  followed  by  potatoe 
or  other  row  crops,  particularly  sugar  beets  or  beans,  which  in  turn 
were  followed  by  small  grains. 
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METHOD  OF  ANALYSIS 


In  studying  the  use  of  various  types  of  powe  rfy  on  irrigated 
farms  of  family  size,  major  emphasis  was  placed  upon  the  use 
of  tractors  and  horses  for  field  work.    Field  work  constitutes 
the  greater  portion  of  the  requirements  for  power  and  deter- 
mines the  size  of  unit  to  be  employed.    Belt  work  and  hauling 
require  considerably  less  power  but  where  this  kind  of  work  is 
important,  electric  motors  and  trucks  are  used  in  addition  to 
tractors  and  horses. 

In  most  studies  of  power  on  farms,  the  measure  of  use  for 
tractors  and  horses  has  been  one  giving  time  of  use--tractor 
hours  or  horse-hours.    For  tractors,  an  average  horsepower 
rating  or  the  size  expressed  by  the  number  of  plow  bottoms 
pulled  is  usually  given.    But  there  is  a  considerable  difference 


in  actual  consumption  of  energy£/  of  a  given  tractor  per  hour 
for  different  operations.    In  plowing,  the  tractor  is  usually 
loaded  fairly  near  its  full  capacity,  whereas  in  harrowing  or 
drilling  the  load  ordinarily  is  not  heavy  enough  to  utilize  fully 
the  available  power.     When  the  load  is  light,  the  inefficiencies 

Z7    The  word  "power"  in  technical  terminology  refers  to  the  time 
rate  of  doing  work.    In  more  common  terminology,  "power"  is 
any  form  of  energy  available  for  doing  work,  or  a  machine  by 
which  a  specific  energy  is  applied.    Thus,  one  speaks  of  steam 
power,  electric  power,  tractor  power,  animal  power,  etc.  The 
latter  terms  are  used  frequently  where  work  done  by  machines 
or  animals  is  distinguished  from  work  done  by  hand. 
3/   "Energy"  is  defined  as  the  capacity  for  performing  work.  In 
the  strictest  sense  of  the  word,  it  cannot  be  "consumed".  But 
energy  available  from  various  sources  through  conversion  and 
use  is  no  longer  available  and  therefore  is  consumed  for  all 
practicable  purposes.    Energy  as  applied  by  means  of  an  in- 
ternal combustion  engine,  such  as  a  tractor,  is  measured  in 
horsepower  hours.    The  term  "energy  consumption"  as  used  in 
this  report,  refers  to  the  actual  consumptive  use  of  energy  con- 
tained in  tractor  fuels.    It  is  not  limited  to  energy  consumed  for 
useful  work  but  includes  that  used  due  to  avoidable  and  unavoid- 
able inefficiencies  in  the  operation  of  tractor  power  on  farms, 
such  as  energy  consumed  in  idling,  turning  at  the  end  of  fields, 
and  poor  condition  of  motor  or  poor  carburetor  setting.  Thus, 
it  is  not  to  be  confused  with  energy  requirements  for  specific 
jobs,  as  discussed  later.    (See  pages  65  ff.  ) 
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in  operation  can  sometimes  be  overcome  by  increased  speed. 
But  in  most  cases  tractors,  from  the  viewpoint  of  quality  of 
work,  are  operated  at  the  optimum  speed  for  the  particular 
field  operation.    Thus,  lower  investment  costs  for  small  imple- 
ments are  partly  offset  by  higher  operating  costs  of  the  power 
unit- -a  relationship  which  cannot  be  clarified  when  the  use  of 
power  is  expressed  merely  by  the  time  of  use. 

Standard  horsepower  hours  have  been  used  in  some  studies 
to  measure  energy  inputs,  i/   These  were  averages  obtained  for 
each  individual  operation  on  the  basis  of  results  of  field  tests. 
Although  this  overcomes  some  of  the  objections  to  the  use  of 
tractor-hours,  it  does  not  eliminate  some  very  significant  ones, 
such  as  differences  in  efficiency  of  operation  due  to  poor  adjust- 
ments of  the  power  unit,  or  to  improper  combination  of  power  and 
implement.    Cn  very  few  farms  are  operations  performed  in  the 
way  they  are  done  by  qualified  personnel  in  field  tests.  Animal 
power,  because  of  greater  divisibility,  can  be  better  adjusted  to 
individual  conditions  and  operations  than  can  tractor  power.  How- 
ever, more  energy  is  usually  consumed  in  one  horse-hour  of  plow- 
ing than  in  one  horse-hour  of  drilling  grain  or  mowing  hay. 

The  purpose  of  this  study  of  the  use  of  power  on  farms  is  to 
learn  the  actual  consumption  of  energy  as  it  is,  not  as  it  should 
be.    To  do  this,  a  more  precise  measure  than  tractor-hours  or 
standard  horsepower  hours  is  needed.    The  ideal  situation  would 
be  to  measure  energy  consumption  per  acre  for  each  field  opera- 
tion by  means  of  a  /dynamometer.    As  it  is  practically  impossible 
to  do  this  for  all  farms  to  be  studied  and  for  all  farm  operations, 
fuel  consumption  and  the  efficiency  of  the  particular  power  unit  in 
converting  fuel  into  usable  energy  under  average  farm  conditions 
are  the  best  available  substitutes  in  determination  of  energy  con- 
sumption. 

If  only  tractors  of  a  given  type  and  size,  using  one  specific  type 
of  fuel,  were  in  use  on  farms,  and  no  horses  were  employed,  the 
conversion  of  fuel  consumption  into  energy  consumption  expressed 
in  horsepower  hours  would  not  be  necessary.    Instead  of  being  ex- 
pressed in  horsepower  hours,  the  use  of  tractors  could  be  stated  in 

4/   Goodsell,  Wylie  D.    Cost  and  Utilization  of  Power  and  Labor  on 
Iowa  Farms.    Iowa  Agr..  Expt.  Sta.  Res.  Bui.  258;  321-363,  illus. 
1939. 


gallons  of  fuel  consumed,  as  fuel  consumption  increases  and 
decreases  to  some  extent  with  the  lo 3d.    But  not  only  does  fuel 
consumption  vary  by  size  and  type  of  tractor,  but  energy  out- 
put in  horsepower  hours  per  gallon  of  fuel  vat  He's  also.  Fur- 
thermore, some  tractors  use  gasoline,  others  use  distillate 
or  diesel  fuels.    For  example-,  in  tests  made  at  the  Nebraska 
Agricultural  Experiment  Station,  six  tractors  using  gasoline 
as  fuel  were  tested  with  steel  wheels  and  lugs  and  again  with 
rubber-tired  wheels.    These  tests  showed  that  energy  output 
per  gallon  of  fuel  at  the  drawbar  was  on  the"  average  25  percent 
higher  on  rubber  tires  than  on  steel  wheels.    The  difference 
was  even  greater  for  five  tractors  tested  with  different  wheel 
equipment  using  distillate.    Similarly,  energy  output  per  gallon 
of  fuel  by  seven  tractors  operated  on  rubber  tires  was  higher 
using  gasoline  than  using  distillate.    These  are  average  varia- 
tions in  test  results  of  a  number  of  tractors;  variations  between 
individual  tractors  are  considerably  greater. 

Fuels  used  in  the  operation  of  tractors  contain  a  certain 
amount  of  heat  units  (BTU)  which,  by  means  of  an  internal 
combustion  engine,  are  converted  to  useful  work.    All  of  the 
useful  energy  released  is  available  at  the  belt  pulley.  Energy 
available  at  the  drawbar  is  less  than  that  at  the  belt  because  a 
certain  amount  is  required  to  overcome  the  resistance  against 
the  forward  movement  of  the  power  unit  itself. 

Horsepower  hours  released  per  gallon  of  a  specific  type  of 
fuel  at  the  belt  and  the  drawbar  have  been  measured  in  a  num- 
ber of  tests  on  new  tractors  by  the  Agricultural  Engineering 
Department  of  the  Nebraska  Agricultural  Experiment  Station.  :V 
Adjusting  the  results  of  these  tests  to  farm  conditions  provides 
a  means  by  which  energy  consumption  can  be  learned  for  each 
farm  operation  and  for  a  farm  of  a  given  organization  from  the 
amount  of  fuel  consumed  in  a  given  tractor  unit.  Inefficiencies 
in  the  operation  of  a  power  unit,  such  as  inadequate  adjustments 
or  an  inefficient  combination  of  power  and  implement,  will  re- 
sult in  comparatively  high  consumption  of  fuel  and  consequently 
in  high  consumption  of  energy.    It  should  be  emphasized  that 
the  aim  of  this  study  is  to  determine  as  accurately  as  possible 

5/ Test  results  are  published  periodically  in  bulletin  form  by 
the  Nebraska  Agricultural  Experiment  Station.    For  explanation 
of  method  of  testing  and  types  of  tests,  see  Nebraska  Tractor 
Tests--1920-1948,  Neb.  Agr.  Expt.  Sta.  Bui.  392,  51  pp.  s 
illus.  ,  1949. 
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.the  amount  of  energy  or  horsepower  hours  used,  expended,  or 
consumed,  in  farm  operations. 


As  employed  in  this  report,  energy  required  in  contrast  to 
energy  used,  means  the  amount  of  energy  that  is  actually 
required  for  a  given  field  operation.    This  can  be  determined 
only  by  dynamometer  tests.    In  the  determination  of  energy  re- 
quirement for  plowing,  for  example,  it  is  immaterial  whether 
the  plow  is  pulled  by  a  tractor,  by  horses,  or  by  hand;  the  energy 
requirements  remain  the  same.    Energy  used,  on  the  other  hand, 
is  affected  by  the  type  of  power  unit,  the  source  of  energy,  and 
other  factors. zJ 

For  horse  work  there  is  no  measure  of  input  to  ascertain  the 
amount  of  energy  made  available,  whether  used  or  not.  Neither 
is  it  possible  to  add  horsepower  hours  of  tractors  to  horse-hours 
of  horses  in  order  to  obtain  total  use  of  power  per  acre.    To  over- 
come this  difficulty,  an  average  conversion  rate  for  converting 
horse-hours  into  equivalent  horsepower  hours  was  ascertained 
from  a  large  number  of  records  for  each  operation  performed  by 
horses.    This  makes  it  possible  to  combine  tractor  and  horse 
work,  and  to  ascertain  the  total  amount  of  energy  used  and  the 
proportion  of  work  done  by  each  power  source.    Thus,  all  data 
of  the  use  of  power  on  farms  are  expressed  in  horsepower  hours, 
although  some  of  the  older  measures  such  as  tractor-hours  and 
horse-hours  are  also  given  to  make  comparisons  possible  or  to 
point  out  relationships. 

Definition  of  Horsepower  Hour 


The  use  of  the  term  "belt"  or  "drawbar"  horsepower  hour  is 
not  sufficiently  common  for  its  general  understanding  to  be 
assumed.    It  would  be  natural  to  assume  that  a  tractor  with  a 
rating  of  10  horsepower  at  the  drawbar  (DBHP),  if  used  for  1 
hour,  would  develop  10  drawbar  horsepower  hours.    This  is  not 
necessarily  the  case.    Actually,  such  a  tractor  may  have  a  power 

67   F  or  further  discussion  of  the  relation  between  consumption  of 
energy  and  requirement  of  energy  and  the  advantages  of  the  approach 
used  in  this  study,  see  the  chapter  beginning  on  page  65. 
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output  at  the  drawbar  that  varies  from  considerably  below 
10  drawbar  horsepower  when  traveling  without  any  load  or 
with  a  light  load  to  10  drawbar  horsepower  and  over,  when 
operated  with  a  heavy  load.    The  amount  of  fuel  consumed 
or  the  energy  made  available,  within  the  over -all  capacity, 
of  the  power  unit  employed,  depends  primarily  upon  the 
amount  of  pull  required  to  move  the  implement  and  the  speed 
with  which  it  is  moved  or,  in  other  words,  upon  the  load  and 
the  speed  of  operation.    On  farms,  tractors  are  seldom  loaded 
to  capacity.    This  is  true  partly  because  a  certain  amount  of 
reserve  power  is  necessary  to  cope  with  unfavorable  condi- 
tions that  occur  more  or-  less  frequently,  and  partly  because 
farmers  cannot  afford  to  buy  for  each  operation  the  particu- 
lar size  of  implement  which,  under  their  conditions,  will 
give  the  tractor  the  proper  load.    Aside  from  an  adequate 
load  for  the  tractor,  farmers  must  consider  the  purchase 
price  of  the  equipment  and  its  annual  use.    Thus,  as  the  load 
given  a  tractor  on  farms  is  generally  lighter,  the  amount  of 
power  developed  is  less  than  that  under  test  conditions. 

Horsepower  is  a  term  used  to  define  the  rate  of  doing 
work.    Cne  horsepower  is  equal  to  the  lifting  of  33,  000  pounds 
one  foot  in  one  minute,  or  550  pounds  one  foot  in  one  second. 
Horsepower  hour  is  a  term  used  to  define  the  amount  of  work. 
One  horsepower  hour  is  equal  to  1,  980,  000  ft/lbs.    In  other 
words,  one  horsepower  in  operation  for  1  hour,   10  horsepower 
in  operation  for  6  minutes,  or  a  1  50  lb.  load  being  moved 
2-1/2  miles  each  are  equal  to  one  horsepower  hour. 

The  amount  of  energy  consumed  or  the  fuel  needed  to  per- 
form work  depends  partly  upon  the  efficiency  of  the  unit  to 
convert  fuel  into  horsepower  hours  and  to  make  them  available 
at  the  drawbar,  and  partly  upon  the  load  the  power  unit  is  re- 
quired to  pull  at  a  given  speed.    The  efficiency  of  modern  trac- 
tors to  convert  a  specific  type  of  fuel  into  horsepower  hours 
and  make  them  available  at  the  drawbar  or  pulley  does  not 
vary  much  between  the  same  types  and  sizes  of  tractors  so 
long  as  the  motors  are  in  proper  adjustment.    Under  field 
conditions  it  lies  between  6  and  about  7.  5  drawbar  horsepower 
hours  per  gallon  of  ordinary  gasoline.    Consumption  of  fuel 
varies,  generally  speaking,  with  the  load  the  tractor  is  re- 
quired to  pull.    However,  while  fuel  consumption  declines  with 
a  reduction  in  load,  it  cannot  be  reduced  in  direct  proportion 
to  the  load.     Thus,  tractors  are  less  efficient  in  fuel  consump- 
tion for  light  than  for  heavy  loads. 
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To  illustrate  differences  in  fuel  consumption  and  horsepower 
hours  per  acre  between  major  field  operations  performed  by  trac- 
tors, averages  for  operations  most  frequently  performed  are 
given  in  table  2.    The  average  rating  of  tractors  and  the  average 
size  of  implements  used  include  a  variety  of  types  and  sizes  of 
power  as  well  as  different  combinations  of  power  and  implement. 
Furthermore,  average  consumption  of  fuel  in  gallons  consists  of 
different  types  of  fuel. 

Horsepower  hours  per  acre  follow  fuel  consumption  except  for 
the  differences  in  output  per  gallon  of  fuel,  which  are  due  to  differ- 
ent types  of  fuel  as  well  as  to  type,  size,  and  condition  of  power 
unit.    Between  individual  operations  the  differences  in  fuel  con- 
sumption and  horsepower  hours  per  acre  are  large.    They  are 
caused  primarily  by  differences  in  load.    In  the  samples  shown 
in  table  2,  they  range  from  0.4  gallons  of  fuel  and  2.4  horsepower 
hours  per  acre  for  spiketooth  harrowing  to  3.  3  gallons  of  fuel  and 
21.7  horsepower  hours  per  acre  for  plowing  sod. 

Calculating  energy  consumption  per  hour  of  use  of  the  tractor 
(in  other  words,  horsepower  hours  per  hour,  or  horsepower  devel- 
oped) as  based  upon  fuel  consumption,  it  is  possible  to  indicate  to 
what  extent  the  capacity  of  the  power  unit  is  utilized  in  the  various 
field  operations.    In  plowing  sod,  an  important  operation  so  far  as 
frequency  and  load  are  concerned,  average  horsepower  developed 
on  the  basis  of  fuel  consumption  was  about  72  percent  of  the  aver- 
age horsepower  rating  of  the  tractors  used.    The  other  extreme  is 
illustrated  by  binding  grain,  which  represents  a  light  load  for  the 
tractor  and  usually  involves  frequent  stops.    In  this  operation, 
average  horsepower  developed  from  fuel  was  only  35  percent  of 
the  rated  drawbar  capacity  of  the  tractor  used. 

Determination  of  the  Amount  of  Mechanical  Power  Used 


This  determination  was  made  possible  by  data  available  from 
the  tractor  tests  in  Nebraska  and  an  accurate  description  of  the 
power  units  available  on  farms,  which  included  information  relating 
to  type  of  fuel  used,  consumption  of  fuel,  and  acres  covered  per  day.  _j 
Certain  adjustments  in  the  Nebraska  test  data  were  necessary,  partly 

77   For  further  discussion  of  the  method  of  analysis  used,  see  H.  H. 
Stippler,  A  Method  of  Approach  to  Farm  Power  Studies.    Agr.  Engin. 
25  (7)  July  1944. 
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to  take  account  of  the  fact  that  tractors  are  not  used  on  farms 
under  conditions  such  as  are  obtained  during  relatively  short 
tests  when  load  and  other  factors  are  accurately  controlled,  and 
partly  because  farmers  frequently  used  tractors  with  different 
types  of  fuel  or  with  different  types  of  traction  devices  than  those 
used  in  tests.    Therefore,  horsepower  hours  per  gallon  of  fuel 
under  farm  conditions  are  lower  than  they  are  under  test  condi- 
tions. 

Drawbar  tests  of  tractors  have  been  made  at  rated  load  only.  S 
Tractors  on  farms,  however,  are  seldom  operated  continuously 
at  this  load.    In  such  heavy  farm  work  as  plowing,  for  instance, 
the  idling  of  the  tractor,  the  turning  at  the  end  of  the  field,  and 
the  variation  in  the  load  even  at  a  steady  rate  of  work,  cause  a 
lower  output  of  horsepower  hours  per  gallon  of  fuel  than  is  ob- 
tained in  rated  load  tests.    In  other  words,  the  efficiency  of  the 
motor  to  convert  fuel  into  useful  energy  is  reduced.    The  extent 
of  reduction  is  difficult  to  ascertain  because  of  the  variety  of  farm 
conditions  under  which  tractors  operate.    On  the  other  hand,  it 
appears  desirable  that  an  adjustment  of  test  results  to  approach 
farm  conditions  be  applied  uniformly  to  all  tractors  in  use. 

Farm  use  of  tractors  consists  of  work  of  greatly  varying 
loads,  each  of  different  duration.    To  adjust  results  of  drawbar 
tests  to  such  conditions,  it  appears  that  at  least  an  adjustment  to 
a  "varying  load"  level  at  the  drawbar  equal  to  that  in  belt  tests  ; 
should  be  made.    Belt  tests  of  tractors  include  both  rated  load 
and  varying  load  tests  in  which  horsepower  hours  per  gallon  and 
consumption  of  fuel  in  gallons  per  hour  are  determined.  vVhen 
average  values  from  the  varying  load  test  on  the  belt  are  used, 
the  reduction  in  horsepower  hours  per  gallon  is  from  15  to  25  per- 
cent below  values  for  the  rated  load  test. If    If  the  reduction  found 
in  belt  tests  for  each  individual  tractor  are  applied  to  results  of 
the  rated  load  test  at  the  drawbar,  an  adjustment  to  varying  load 
conditions  at  the  drawbar  is  obtained.    This  adjustment  accounts 
for  differences  in  engine  performance  only.    It  does  not  consider 
variations  in  efficiency  of  transmission  and  traction,  which  are 
assumed  to  be  negligible  for  all  practicable  purposes. 

of  For  test  data  on  tractors  found  in  southern  Idaho,  see  table  30, 
page  101. 

9/  In  the  varying  load  test  on  the  belt  the  engine  is  operated  from 
no  load  to  maximum  load.    In  the  official  Nebraska  Tractor  Test 
Reports,  the  last  line  of  data  in  the  varying  load  test  gives  aver- 
age results  of  the  six  trials  which  include  no  load,  1/4  load,  l/2 
load,  3/4  load,  and  maximum  load. 
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Further  adjustments  in  test  results  are  frequently  needed 
because  farmers  use  different  wheel  equipment  or  fuel  than 
that  with  which  the  particular  tractor  was  tested.    In  these 
cases  the  amount  of  adjustment  was  approximated  by  the  aver- 
age difference  in  test  results  of  all  tractors  for  which  the 
same  tes^s  had  been  made  with  different  types  of  traction  or 
fuel. 

Examples  of  adjustments  in  test  results  to  farm  conditions 
are  given  in  table  3  for  three  tractors.    Drawbar  test  results 
were  adjusted  to  a  "varying  load"  level  at  the  drawbar  for  all 
three  tractors.    This  gave  output  of  energy  in  horsepower  hours 
per  gallon  and  consumption  of  fuel  in  gallons  per  hour  under' 
farm  use  conditions  which  is  shown  at  the  bottom  of  the  column 
headed  "Selected  test  data,  "   In  addition,  test  results  of  each 
of  the  tractors  were  adjusted  for  different  traction  devices  or 
different  fuel  used.    Tractor  A  was  tested  with  tires  but  found 
to  be  in  use  on  some  farms  with  steel  wheels  and  spades. 
Tractor  B  was  tested  with  spades  but  was  in  use  on  farms  with 
tires.    In  these  cases,  results  of  belt  tests  are  not  affected  by 
the  change  in  traction.    The  change  from  tires  to  spade,  as' 
illustrated  by  tractor  A,  caused  a  reduction  in  horsepower  »; 
hours  per  gallon  at  the  drawbar  to  76,  5  percent  of  that  ob- 
tained in  the  drawbar  test  and  an  increase  of  9.  2  percent  in 
fuel  consumption.    This  is  the  average  difference  for  all  trac- 
tors operated  with  distillate  which  were  tested  with  both  tires 
and  spade.    Similarly,  to  adjust  for  a  change  from  spade  to 
tires  for  a  tractor  using  gasoline,  as  illustrated  by  tractor  B, 
energy  output  in  horsepower  hours  per  gallon  was  increased 
by  25.9  percent,  and  fuel  consumption  reduced  to  95.4  percent 
of  that  obtained  in  tests. 

Tractor  C  in  table  3  illustrates  adjustments  for  a  different 
type  of  fuel  than  that  with  which  the  tractor  was  tested.    In  this 
case,  both  belt  and  drawbar  test  results  must  be  adjusted. 
Horsepower  hours  per  gallon  developed  at  the  drawbar  of  all 
tractors  tested  with' both  gasoline  and  dstillate,  showed  a  re- 
duction of  1.  2  percent,  distillate  compared  with  gasoline,  and 
a  reduction  of  about  10  percent  in  consumption  of  fuel. 

Every  farm  record  was  provided  with  a  sheet  showing  the 
calculations  of  tractor  power  used  in  each  farm  operation. 
This  sheet  was  headed  by  specifications  of  the  particular  power 
unit  and  the  applicable  test  data  as  adjusted.    It  listed  for  each 
operation  sizes  of  implements,  hours  of  field  work,  acres 
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covered,  fuel  consumption,  and  adjusted  horsepower  hours 
per  gallon.    An  example  of  this  record  sheet  is  given  in 
table  31>  page  102.    Check  data  which  included  calculated 
acres  per  day  and  time  of  operation,  as  calculated  from  fuel 
consumption  under  varying  and  rated  load  conditions  at  the 
drawbar,  were  omitted  from  this  table.    It  is  pointed  out 
again  that  actual  fuel  consumption  as  reported  by  the  farmer 
was  converted  into  energy  consumption  expressed  in  horse- 
power hours.    Thu3,  higher  consumption  of  fuel  on  farms 
than  is  fo\md  in  tests,  which  is  due  to  the  combined  effects 
of  age,  stage  of  repair  and  upkeep,  excessive  idling,  and 
other  factors,  is  considered.    This  results  in  data  showing 
consumption  of  energy  as  it  was  reported,  not  necessarily 
as  it  should  be. 


Determination  of  Amount  of  Animal  Power  Used 


This  determination  and  conversion  of  horse-hours  into 
horsepower  hours  is  hindered  by  the  fact  thSt  records  were 
obtained  only  on  farms  where  tractors  were  in  use ,    On  these 
farms  horses  for  some  jobs  are  seldom  used,  and  the  number 
of  cases  in  which  horses  are  employed  for  a  specific  type  of 
work  are  relatively  small. 

Average  rates  of  performance  of  horses  for  individual  field 
operations,  as  obtained  in  this  study,  were  compared  with  av- 
erage rates  of  horse  work  in  other  studies  within  the  same 
general  area  and  certain  adjustments  were  made  when  the 
sample  obtained  in  the  study  was  too  small  to  be  representa- 
tive.   By  comparing  rates  of  tractor  work  with  those  of  horse 
work,  conversion  factors  were  calculated  for  each  individual 
operation  for  which  horses  were  employed.    Using  these  fac- 
tors, horse  hours  reported  for  each  operation  were  converted 
into  equivalent  horsepower  hours . 

This  conversion  of  animal  power  into  mechanical  power 
permits  the  expression  of  total  energy  consumption  per  acre 
of  specific  crops  and  total  power  use  on  farms  by  means  of  a 
common  denominator  regardless  of  the  type  of  power  actually 
employed.  . 


POWER  RESOURCES  ON  FARMS 


Tractors 


The  choice  of  types  and  sizes  of  tractors  employed  on  farms 
is  determined  chiefly  by  the  type  of  crops  grown  and  the  size  of 
operations.    However,  other  considerations,  and  particularly 
local  repair  facilities,  ease  of  operation,  especially  ease  with 
which  various  implements  or  tools  can  be  changed,  and  salesman- 
ship of  local  dealers,  influence  considerably  the  type  of  power 
used.    The  predominance  of  certain  makes  of  tractors  on  farms 
in  particular  areas  of  southern  Idaho  indicated  that  certain  manu- 
facturers were  especially  well  represented,  not  only  with  effective 
local  sales  departments,  but  also  with  the  facilities  for  service  and 
repair  to  back  them  up. 

Classification  of  tractors  according  to  type  of  chassis  into 
standard,  tricycle,  and  crawler  or  tracklayer-type  tractors 
appeared  to  have  less  significance  than  in  earlier  years.  Modern 
standard  or  four-wheel  tractors  had  wheels  adjustable  to  the  width 
of  rows,  and  even  crawler  tractors  have  been  adapted  to  row-crop 
cultivation.    Furthermore,  some  wheel  tractors  are  supplied  with 
different  front  wheel  assembly  either  as  so-called  tricycle  or 
general-purpose  tractors  or  as  standard  four-wheel-type  tractors, 
whichever  is  preferred.    Even  the  classification  of  tractors  as  to 
type  of  driving  wheels,  whether  rubber-tired  or  equipped  with  ,., 
steel  wheels  and  lugs,  and  whether  operated  with  gasoline  or  dis- 
tillate, was  less  significant  than  formerly,  as  a  change-over  from 
steel  to  rubber  or  gasoline  to  distillate  is  relatively  easy.    On  the 
other  hand,  a  classification  of  farm  power  according  to  size  ex- 
pressed in  drawbar  horsepower  rating  and  the  measurement  of 
energy  consumption  in  horsepower  hours,  became  more  significant. 

Of  the  296  tractors  employed  on  the  farms,  70  percent  were 
tricycle-type  tractors,  27  percent  standard  tractors,  and  3  per- 
cent tracklayers.    The  average  age  in  1940  varied  from  4.  6  years 
for  tricycle  to  5.  2  years  for  standard  and  6.  3  years  for  crawler 
tractors.    About  one-fourth  of  the  tricycle  and  standard  tractors 
and  30  percent  of  the  tracklayers  were  bought  second-hand.  The 
a  verage  drawbar  horsepower  rating  was  almost  the  same  for  the 
2-wheel-type  classifications;  tracklayers  had  about  12  percent 
more  power.    Because  of  the  rather  slight  variation  in  the  average 
rating,  the  proportions  of  total  power  available  from  different  types 
of  tractors  were  nearly  the  same  as  those  given  for  the  number  of 
tractors. 
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More  than  three -fourths  of  all  wheel  tractors  were  oper- 
ated on  rubber  tires  and  the  average  age  of  these  was  con- 
siderably lower  than  that  of  tractors  operated  on  steel  wheels. 
Less  than  half  of  the  latter  were  purchased  new,  while  amost 
80  percent  of  the  rubber-tired  tractors  were  purchased  new. 
The  average  rating  of  wheel  tractors  operated  on  steel  wheels 
was  11  percent  higher  than  that  of  rubber-tired  tractors.  No 
diesel  tractors  were  found  on  the  farms  surveyed,  but  about 
22  percent  of  all  tractors  were  operated  with  distillate  as  fuel. 
The  age  of  these  tractors  was  slightly  higher  than  the  age  of 
those  using  gasoline.    A  third  of  those  operated  with  distillate 
were  bought  second-hand,  as  compared  with  about  20  percent 
of  those  operated  with  gasoline.    Tractors  operated  with  dis- 
tillate averaged  slightly  lower  in  power  than  those  using  gas- 
oline.   More  than  90  percent  of  all  tractors  had  a  rating  of 
less  than  20  drawbar  horsepower  and  58  percent  had  less  than 
15. 

Horses 


Almost  a  third  of  the  total  power  available  for  field  work  on 
irrigated  farms  having  tractors  in  southern  Idaho  in  1940  con- 
sisted of  animal  power. £2/    This  indicates  that  farmers  using 
tractors  relied  considerably  upon  horses  to  do  farm  work. 

The  number  of  horses  and  the  use  of  this  type  of  power  varied 
by  different  types  and  sizes  of  farms  as  well  as  by  major  areas. 
A  smaller  proportion  of  the  specialized  livestock  farms  using 
tractors  also  kept  horses  than  was  true  for  the  other  major  types 
of  farms.    Furthermore,  for  this  type  of  farm,  the  average  num- 
ber of  horses  per  farm  was  smaller.    These  farms  also  made 
the  least  use  of  horses,  using  them  more  for  other  farm  work 
than  for  field  operations.    Timeliness  of  operation  and  perform- 
ance of  field  work  in  addition  to  the  care  of  livestock,  combined 
frequently  with  a  relatively  small  labor  force,  made  it  necessary 
to  do  most  of  the  field  work  quickly. 

A  larger  percentage  of  specialized  cash-crop  farms  kept 
horses  and  they  were  used  more  extensively  than  on  special- 
ized livestock  farms.    Horses  were  also  used  more  for  field 

10/    The  terms  "animal  power"  or  "horses"  are  used  to  include 
work,  horses  and  mules.    Cnly  horses  or  mules  used  for  farm 
work  were  considered  as  available  power.    Colts  and  saddle 
horses  not  used  for  farm  work  were  not  included  in  these  dis- 
cussions. 
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operations  than  for  other  farm  work.    On  mixed  cash-crop- 
livestock  farms,  the  largest  number  of  work  horses  were  kept 
per  farm,  while  the  average  size  of  the  tractors  per  farm  was 
the  lowest,  and  greater  total  use  was  made  of  animal  power. 
Use  of  horses  for  field  work  in  percentage  of  total  horse  work 
was  somewhat  lower  than  on  cash-crop  farms.    This  indicates 
a  greater  need  for  animal  power  in  connection  with  livestock 
production.    Field  work  by  horses  was  of  a  different  type  than 
on  cash-crop  farms  because  of  the  larger  production  of  feed 
crops.    For  each  type  of  farm,  the  number  of  work  horses  per 
farm  as  well  as  their  use  increased  with  the  size  of  farm. 

The  number  of  horses  per  farm,  combined  with  the  kind  of 
use  that  was  made  of  them  in  relation  to  the  consumption  of 
energy  which  tractors  would  have  for  the  same  kind  of  work, 
was  used  to  evaluate  available  animal  power  in  terms  of  equiva- 
lent mechanical  power.    Cn  this  basis,  horses  provided  a  larger 
part  of  the  available  power  on  mixed  cash-crop-livestock  farms 
than  on  other  types.    Approximately  33  percent  of  the  power 
available  for  use  in  field  work  was  available  as  animal  power 
on  mixed  farms,  29  percent  on  cash-crop  farms,  and  26  percent 
on  specialized  livestock  farms.    The  percentage  which  animal 
power  constituted  of  the  total  available  power  per  farm  increased 
progressively  with  the  size  of  farm. 

Total  Power  for  Field  Work 

That  the  amount  of  power  employed  on  farms  is  determined 
primarily  by  the  amount  of  field  work  that  must  be  done  within 
rather  specific  time  limits  has  been  pointed  but.    In  any  one  area 
and  for  one  particular  type  of  farm  organization,  the  amount  of 
power  needed  can  be  approximated  by  the  number  of  acres  under 
cultivation  and  the  average  acreage  per  drawbar  horsepower. 

The  majority  of  farmers  in  the  irrigated  areas  of  southern 
Idaho,  in  1940,  found  it  advantageous  to  use  horses  in  addition 
to  tractors.    Total  power  available  for  field  work  consisted  of 
these  two  major  types.    Other  power  sources  such  as  motor 
trucks  and  electric  motors  may  lighten  the  load  for  tractors  and 
horses  by  doing  other  than  field  work,  but  cannot  be  used  for  the 
principal  farm  operations.    On  irrigated  farms  in  southern  Idaho 
both  the  size  of  tractor  and  the  number  of  horses  increased  as  the 
size  of  farm  increased,  but  the  power  available  per  acre  of  culti- 
vated land  on  small  farms  was  greater  than  on  larger  ones  (table  4). 
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The  percentage  of  total  available  power  which  consisted  of 
horses  became  progressively  larger  as  the  size  of  farm  in- 
creased.   On  tractor  farms  with  less  than  50  acres  of  culti- 
vated land,  slightly  more  than  20  percent  of  the  available  power 
was  represented  by  horses;  on  farms  of  200  acres  and  more, 
about  35  percent  of  all  field  power  consisted  of  horses.    On  the 
average,  of  all  types  and  sizes  of  farms,  horses  made  up  about 
30  percent  of  the  power  available  for  field  work.    The  greater 
proportionate  use  of  horses  on  larger  irrigated  farms  apparently 
indicates  also  that  many  farmers  have  filled  their  need  for  addi- 
tional power  with  a  more  flexible  source  of  power  rather  than 
by  shifting  to  a  larger  mechanical  power  unit  or  purchase  of  an 
additional  tractor. 

Other  Power  on  Farms 


In  addition  to  the  major  types  of  farm  power--tractors  and 
horses--which  are  used  chiefly  in  field  work,  other  types  of 
power  were  found  on  many  farms.    Their  use  does  not  depend  • 
primarily  upon  the  acreage  in  the  farm  but  rather  upon  the  dis- 
tances to  fields  and  the  nearest  trading  center  as  well  as  upon 
the  organization  and  size  of  the  farm  business  as  measured  by 
the  type  and  volume  of  products  marketed.    Trucks,  automobiles 
for  farm  use,  and  electric  motors,  relieve  tractors  and  horses 
of  jobs  in  which  their  use  would  be  expensive  either  in  terms  of 
actual  costs  because  they  are  not  well  suited  for  the  type  of  work, 
or  by  causing  a  neglect  of  the  major  farm  work  for  which  they 
are  intended. 

Motor  Trucks.  -  Motor  trucks  were  used  on  45  percent  of  all 
farms  (table  5).    The  proportion  of  farms  having  trucks  and  their 
capacity  varied  with  size  and  type  of  farms.    The  proportion  of 
farms  reporting  trucks  increased  with  the  size  of  farm.    Of  the 
farms  with  less  than  50  acres  of  cultivated  land,  only  about  a 
fourth  reported  trucks,  while  all  farms  of  200  acres  or  over  had 
trucks.    The  larger  capacity  of  trucks  on  farms  of  larger  size 
resulted  chiefly  from  use  of  a  larger  truck  rather  than  from  a 
larger  number  of  trucks  per  farm.    Only  two  farms  reported 
having  more  than  one  truck,  and  trucks  of  from  one -half  to  one- 
and-one-half  ton  capacity  predominated.    Only  nine  trucks,  or 
7  percent  of  the  total  of  all  trucks,  had  a  capacity  of  from  2  to 
3-1/4  tons. 
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Table  5.  -  Farm  trucks  and  automobiles  used  for  farm  business 
on  farms,  by  size  and  type  of  farm,  three  major  irrigated 
areas,  southern  Idaho,  1940 


Size  and  type  ! 
of  farm  : 

Farms  ] 

Average : 
:  capacity: 
of  trucks: 
per  farm: 

Farms  using  auto 
for  farm  business 

i  oiai 

:  Having  : 
:  trucks  ; 

X  Uldx 

:  Having 
:  trucks 

No. 

:     No.  : 

Tons  : 

No. 

:  Nc^ 

Size  of  farm 

Under  50  acres  .  , 

:  31 

8  : 

:        1.  1 

•  26 

4 

50-74  acres     .  .  . 

:  83 

32  : 

1.  2 

:     ,  67 

20 

75-99  acres     .  .  .  : 

50 

18  : 

1.  2 

;  42 

11 

100-124  acres    .  . 

>              t<  7 

1  3 

:  1.4 

23 

8 

125-149  acres    .  . 

44 

21  : 

1.4 

:  33 

14 

l JU" 1 77    aLf CO        »  . 

t  27 

20 

:  17 

10 

200  and  over  ... 

:  13 

13  - 

1.  7 

8 

8 

Type  of  farm  ; 

Livestock  farms    .  : 

36 

9 

.  9 

30 

5 

Cash-crop  farms  .  : 

137 

59  : 

1.4  : 

104 

32 

Mixed  cash-crop-  : 

livestock  farms    .  : 

104 

57  : 

1.4  : 

82 

38 

All  farms  : 

277 

125  : 

1.3  , 

216 

75 

A  higher  proportion  of  mixed  cash-crop-livestock  farms  had 
trucks  than  was  true  for  specialized  livestock  or  cash-crop 
farms.    This  relationship  held  for  individual  areas  except  in 
the  Boise-Caldwell  Area,  where  specialized  cash-crop  farms, 
frequently  growing  products  of  high  perishability,  used  relar 
tively  more  trucks  than  other  types  of  farms.    Specialized  live- 
stock farms,  predominantly  dairy  farms,  not  only  used  the 
smallest  number  of  trucks  but  also  had  the  lowest  capacity  of 
trucks  per  farm. 

Automobiles.  -   Passenger  automobiles  were  used  for  farm 
business  on  78  percent  of  all  farms.    They  were  used  mainly 
for  hauling  small  repair  parts  and  supplies  or  driving  to  and 
from  fields  located  at  some  distance  from  the  farmstead.  The 
number  of  farms  on  which  automobiles  were  used  for  farm 
business  v/as  greater  for  those  types  for  which  the  percentage 
of  farms  using  trucks  was  relatively  low.    Thus,  on  livestock 
farms,  more  farms  reported  automobiles  used  for  farm  business 
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than  on  the  other  major  types.    For  small  farms,  those  of  under 
50  acres,  a  larger  proportion  (84  percent)  reported  use  of  auto- 
mobiles for  farm  use  than  farms  of  200  acres  and  over  (62  per- 
cent) (table  5). 

A  number  of  farmers  had  changed  their  automobile  bodies, 
particularly  older  models,  by  enlarging  the  trunk,  to  increase 
the  capacity  for  light  loads.    In  other  cases,  they  used  small 
trailers  to  haul  supplies  and  farm  products  to  and  from  the  farm. 
On  the  other  hand,  a  pick-up  truck  was  often  used  for  pleasure 
purposes  if  no  family  automobile  was  available.    But  even  on 
farms  on  which  trucks  were  in  use,  the  family  car  was  frequently 
used  for  business  trips  to  town  or  to  haul  repair  parts  and  light 
loads  as  well  as  for  trips  to  and  from  fields. 

Electric  Power.  -   Electric  power  was  available  on  97  percent 
of  all  farms.    The  proximity  to  the  sources  of  electric  power,  as 
well  as  relatively  close  settlement  of  irrigation  projects,  favored 
an  early  connection  of  farms  to  power  lines.    But  on  many  farms 
electricity  was  used  in  the  farm  home  only,  chiefly  for  lighting  and 
household  appliances.    Only  about  60  percent  of  the  farms  connected 
to  power  lines  reported  electric  motors  used  on  the  farm.  There 
was  little  relation  between  size  of  farm  and  extent  of  use  of  electric 
motors. 

A  larger  proportion  of  specialized  livestock  farms  and  mixed 
cash-crop-livestock  farms  that  were  wired  reported  the  use  of 
electric  motors  than  did  specialized  cash-crop  farms.  These 
electric  motors  were  usually  small;  only  25  percent  of  all  motors 
used  were  one  horsepower  or  over.    Specialized  livestock  farms 
had  the  smallest  number  of  motors  of  larger  size.    Motors  were 
commonly  used  for  milking  machines,  feed  grinders,  water  pumps, 
and  in  repair  shops  (table  6). 

ENERGY  CONSUMPTION  ON  FARMS 

The  use  of  horsepower  hours  in  expressing  tractor  use  and  con- 
version of  horse-hours  into  equivalent  horsepower  hours  have  made 
it  possible  to  present  the  following  analysis  of  physical  input  of 
energy  on  irrigated  farms  beginning  with  individual  field  operations, 
continuing  with  the  use  of  power  for  major  crops,  and  finally  deter- 
mining total  horsepower  hours  used  per  farm. 
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Table  6.  -  Electricity  available  on  farms  and  use  of  electric 
motors,  three  major  irrigated  areas,  southern  Idaho,  1940 


Farms 

Size  and  type  : 

:  Having  : 

Using 

of  farm  • 

Total 

:  electric  : 

electric 

:connectSoit 

motors 

No. 

:      No.  : 

No. 

Size  of  farm 

Under  50  acres  .  . 

31 

31 

16 

50-74  acres     .  .  -. 

:  83 

81 

47 

75-99  acres     .  .  . 

:  50 

47 

32 

100-124  acres    .  . 

:  29 

27 

17 

125-149  acres     .  . 

:  44 

43 

24 

150-199  acres    .  . 

27 

26 

15 

200  and  over  ... 

13 

13 

8 

Type  of  farm 

Livestock  farms  . 

:  36 

34 

27 

Cash-crop  farms  . 

:  137 

134 

68 

Mixed  cash-crop- 

livestock  farms 

.  104 

100 

64 

All  farms  ...... 

;  277 

268 

159 

Electric  motors 


Under 
1  HP 


No. 

32 
68 
32 
17 
23 
17 
12 

42 
•  89 

70 

201 


1  HP 

and 
over 


No. 

9 
22 
10 
11 

6 
6 
4 

6 
28 

34 

68 


Horsepower  Hours  Used  in  Individual  Field  Operations 
and  Rates  of  Performance  of  Tractors 


The  draft  of  an  implement  and  the  speed  at  which  it  is  operated, 
the  energy  required  to  move  the  source  of  power,  the  condition 
and  stage  of  adjustment  of  the  unit,  and  the  ability  of  the  operator 
to  reduce  energy  losses  to  a  minimum,  strongly  influence  the 
amount  of  energy  required  for  certain  work.    The  amount  of  fuel 
used,  together  with  the  efficiency  of  the  engine  in  converting  fuel 
into  energy,  are  used  to  measure  consumption  of  energy* 

Energy  output  of  tractors  is  expressed  in  horsepower  hours 
(HP  hours).    The  information  needed  to  ascertain  the  output  con- 
sists of  an  accurate  description  of  the  power  unit  in  order  to  ap- 
proximate its  efficiency  under  farm  conditions,  consumption  of 
fuel  per  acre  or  per  hour,  speed  of  operation,  and  acres  covered 
per  hour  or  per  day.     With  these  data  and  by  adjusting  results  of 
the  Nebraska  tests  to  more  nearly  approach  farm  conditions*  HP 
hours  used  per  acre  can  be  calculated. 
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Table  32,  page  105,  summarizes  all  tractor  field  operations 
reported  by  farmers  in  the  three  areas  in  which  the  study  was 
made.    In  general,  the  acreage  covered  per  10-hour  day  in  any 
one  operation  increased  with  the  size  of  implements  but  usually 
not  in  direct  proportion  because  speed  of  operation  declined  as 
size  of  implement  increased.    This  is  indicated  by  the  records 
of  plowing  sod  or  alfalfa.    A  12-HP  tractor  pulling  a  one -bottom 
14-inch  plow  had  an  average  rate  of  performance  of  0,  3  acres  per 
inch  of  cut  per  day,  while  a  25 -HP  tractor  pulling  a  three -bottom 
14-inch  plow  had  a  rate  of  performance  of  0.  2  acres  per  inch  of 
cut  per  day.    In  plowing  row-crop  land  or  stubble,  the  load  was 
lighter  and  the  rate  of  performance  was  about  the  same  for  small 
tractors  pulling  small  plows  as  for  large  tractors  pulling  larger 
plows.    Horsepower  hours  declined  as  the  size  of  the  outfit  in- 
creased, but  this  decrease  in  consumption  of  energy  was  irregular. 

The  main  fiele}  operation    performed  by  tractors  was  plowing, 
of  which  some  was  done  on  almost  every  farm.    Furthermore,  on 
most  farms  plowing  represented  the  heaviest  type  of  work  in  which 
the  load  could  be  made  to  fit  the  size  of  the  tractor  unit  better  than 
in  most  other  field  operations. 

As  consumption  of  energy  was  measured  by  consumption  of  fuel 
and  the  consumption  did  not  decline  in  proportion  to  a  decrease  in 
load,  the  major  cause  for  variations  in  horsepower  hours  per  acre 
was  due  to  inefficient  combinations  of  power  and  implements.  Al- 
though a  closer  fit  between  size  of  power  and  load  may  be  obtained 
for  plowing  than  for  most  other  farm  operations,  variations  in  load 
for  this  job  still  resulted  from  different  types  of  soil  and  varying 
moisture  content,  different  depth  of  plowing,  etc.  Ordinarily, 
farmers  chose  the  combination  of  power  and  size  of  plow  that  will 
permit  the  performance  of  the  work  under  the  most  difficult,  rather 
than  under  average,  conditions. 

In  table  7,  horsepower  hours  per  acre  for  plowing  sod  or  alfalfa 
and  the  major  related  factors  are  listed  according  to  combinations 
of  size  of  power  and  size  of  plow;  that  is,  according  to  the  rated 
drawbar  horsepower  of  the  tractors  per  inch  of  cut  of  the  moldboard 
plows.    Each  line  represents  the  average  of  a  number  of  different 
combinations  of  tractors,  fuels,  and  sizes  of  plows.    The  variation 
in  horsepower  hours  per  acre  between  individual  combinations  was 
considerable  for  various  reasons  such  as  speed  of  operation  and  con- 
sumption of  fuel  per  acre.    These  again  reflected  operating  conditions. 
For  instance,  if  the  soil  were  heavy,  or  if  a  farmer  felt  that  plowing 
at  greater  depth  than  usual  were  necessary  for  an  effective  job,  he 
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was  not  able  to  maintain  average  speed  for  this  type  of  operation. 
His  consumption  of  fuel  would  be  greater  than  that  of  another  farm- 
er operating  a  similar  outfit  who  did  not  encounter  these  conditions 
or  who  did  not  feel  it  necessary  to  plow  deep. 

Horsepower  hours  per  acre  of  plowing  sod  increased  as  the 
combination  of  power  and  implement  became  less  favorable. 
When  less  than  one -half  horsepower  per  inch  of  cut  was  used, 
consumption  of  energy  averaged  slightly  more  than  16  horsepower 
hours.     When  more  than  1.4  horsepower  per  inch  of  cut  was  used, 
consumption  of  energy  was  more  than  twice  that  amount.    In  almost 
50  percent  of  all  cases,  a  combination  of  less  than  seven-tenths 
horsepower  per  inch  of  plow  was  used,  and  67  percent  of  the  cases 
had  a  combination  of  less  than  eight-tenths  rated  horsepower  per 
inch  of  plow.    Average  consumption  of  energy  for  plowing  sod  was 
almost  22  horsepower  hours  per  acre.    The  better  combinations 
are  obtained  with  larger  plows;  that  is,  the  average  size  of  plow 
declined  as  the  combination  became  less  favorable.    Although  the 
average  speed  of  operation  increased  somewhat  with  the  greater 
unfavorableness  of  combination,  this  increase  was  not  sufficient 
to  offset  a  smaller  cut  of  plow,  which  resulted  in  a  decrease  in  the 
amount  of  work  per  day.    Figure  2  illustrates  the  increase  in 
horsepower  hours  per  acre  accompanying  an  increase  in  the  amount 
of  power  per  inch  of  plow. 

Results  similar  to  those  for  plowing  sod  are  found  in  a  relation- 
ship between  average  horsepower  hours  per  acre  and  the  combination 
of  power  and  implement  for  plowing  stubble  or  row-crop  land.  A 
lighter  load,  permitting  generally  higher  speeds,  resulted  in  higher 
performance  rates  in  terms  of  acres  covered  per  10-hour  day  and 
consequently  in  lower  consumption  of  energy  per  acre.  Horsepower 
hours  per  acre  for  the  average  of  all  combinations  of  plowing  stubble 
was  about  77  percent  of  the  average  for  plowing  sod.    In  plowing  stubble 
the  possibility  of  overcoming  unfavorableness  in  combination  by 
higher  speeds  was  lessened,  so  that  horsepower  hours  per  acre  for 
combinations  of  0.  9  horsepower  per  inch  of  cut  and  over  was  84  per- 
cent of  that  for  plowing  sod.    For  combinations  under  0.9  horsepower 
per  inch  of  plow,  consumption  of  energy  for  plowing  stubble  was  74 
percent  of  that  for  plowing  sod.    Speed  of  operation  in  plowing  stubble 
for  combinations  under  0.9  horsepower  per  inch  of  plow  was  15  per- 
cent above  that  for  plowing  sod.    For  combinations  above  0„  9  horse- 
power, an  increase  in  speed  of  only  12  percent  could  be  attained  as 
tractors  were  already  operated  near  their  limits  of  possible  oper- 
ating speed. 


-  32  - 


Rates  of  Performance  of  Horses  and  Equivalent 
Horsepower  Hours  of  Mechanical  Power 


Rates  of  work  of  horses  are  generally  expressed  in  number 
of  horse-hours  per  acre.    This  method  was  followed  in  the  study 
here  reported  only  to  the  extent  that  it  was  needed  for  conver- 
sion of  horse-hours  into  equivalent  HP  hours. 

For  many  operations  on  tractor  farms,  horses  were  not  used 
frequently  enough  so  that  satisfactory  rates  of  performance  could 
be  obtained  to  use  as  the  sole  basis  for  conversion  into  comparable 
rates  for  mechanical  power.    In  these  cases  the  limited  number 
of  records  of  horse  work  were  used  in  connection  with  rates  ob- 
tained in  earlier  studies  in  the  same  general  area  and  conversion 
ratios  were  established  on  a  more  reliable  basis.    In  table  33, 
page  114,  rates  for  work  performed  by  horses  on  the  farms 
studied  are  shown  for  operations  in  which  the  number  of  cases 
is  large  enough  to  permit  satisfactory  averages.    These  are  given 
for  each  operation  by  size  of  implement  and  size  of  team  used. 
No  adjustment  could  be  made  to  allow  for  quality  of  the  individual 
team;  in  other  words,  for  the  weight  or  strength  of  the  horses. 
For  this  reason,  in  some  instances  the  average  amount  of  work 
done  per  10-hour  day  will  be  found  greater  and  the  average  number 
of  horse-hours  per  acre  smaller  for  a  2-horse  team  than  for  a  3- 
horse  team  pulling  the  same  size  of  implement. 

The  decision  whether  to  use  horses  or  tractors,  assuming  both 
were  available  on  the  same  farm,  was  not  made  solely  on  the  basis 
of  the  amount  of  horse-hours  and  HP-hours  involved  in  the  particular 
operation  and  their  costs,  but  also  on  the  basis  of  the  amount  of 
labor  needed  to  operate  the  power.    If  family  labor  were  used  and 
no  other  farm  work  was  urgent,  labor  may  not  have  been  an  important 
factor.    But  in  the  case  of  hired  labor  and  during  the  rush  season, 
time  involved  and  the  amount  of  labor  used  with  either  source  of 
power  was  significant.    Use  of  horses  generally  required  consider- 
ably more  man  labor  than  use  of  tractors  for  the  same  type  of  work. 
The  proportion  varied  by  individual  operations  but,  in  general, 
more  labor  was  used  in  heavy  field  work  done  by  horses  than  in 
comparatively  light  field  operations.    When  tractors  were  used, 
man-hours  per  acre  in  many  cases  were  less  than  half  the  man 
labor  required  with  the  use  of  horses.    Furthermore,  implements 
used  with  horses  often  required  one  man  in  addition  to  the  teamster, 
whereas  tractor  implements  are  built  so  that  the  tractor  driver  can 
also  control  the  implement  from  the  driver's  seat. 


When  both  mechanical  and  animal  power  are  available, 
tractors  are  used  generally  for  heavy  work  and  for  speed. 
Morses  are  used  for  light  work  and  during  times  when  no 
other  work  is  pressing.    This  does  not  preclude  the  use  of 
tractors  for  light  work  nor  does  it  mean  that  horses  were 
idle  in  times  of  rush  work. 

Table  8  gives  the  relative  importance  of  tractor  and  horse 
use  on  these  277  farms  in  southern  Idaho.    Field  operations 
are  arranged  by  major  groups- -land  preparation,  planting, 
crop  cultivation,  and  harvesting.    Consumption  of  energy  in 
equivalent  horsepower  hours  is  given  for  both  power  sources 
combined.    Furthermore,  equivalent  horsepower  hours  from 
tractor  and  horses  is  shown  in  percentage  of  all  field  work 
as  well  as  in  percentage  of  each  major  group  of  operations. 

In  all  field  operations  and  for  all  crops  grown  on  these 
farms,  tractors  contributed  less  than  two-thirds  and  horses 
slightly  more  than  one-third  of  the  horsepower  hours  used. 
The  proportion  of  work  done  by  horses  varied  greatly  by. 
individual  operations.     It  ranged  from-zero  for  some  of  the 
heavy  work  to  around  70  percent  for  cultipacking,  corrugating, 
and  haying,  and  85  percent  for  cutting  and  raking  beans. 

Horsepower  hours  used,  in  percentage  of  total  consumption 
of  energy  for  field  work,  were  determined  by  the  frequency 
with  which  a  given  operation  was  performed  or  the  number  of 
cases,  by  total  acreage  covered  daring  the  season,  and  by 
average  horsepower  hours  per  acre.     Thus,  a  given  field 
operation  may  have  a  high  level. of  energy  use  but  may  not 
have- been  per  formed  fr  equently  enough  or  on  large  enough 
fields  to  have  been  important  so- far  as  total  use  of  energy 
for  field  work  was  concerned. 

More  than  half  of  the  total  number  of  horsepower  hours 
of  tractors  used  were  employed  in  preparing  the  land.  Plow- 
ing sod  and  stubble  were  the  most  important  individual  opera- 
tions.    Disking,  harrowing,  and- leveling  were  also  operations 
for  which  large  amounts  of  energy  were  used  by  tractors. 
Next  in  importance,  so  far  as  the  total  amount  of  mechanical 
power  is  concerned,  were" the  harvesting  operations.  Among 
these,  mowing  alfalfa,  digging  potatoes,  binding  grain,  lifting 
beets,  and  combining  were  the  outstanding  individual  operations. 
Of  the  cultivating  jobs,  cultivating  of  potatoes  and  beets  were  the 
only  major  ones.    Very  little  tractor  power  was  used  for  plant- 
ing operations.    Of  these,  planting  of  potatoes  and  drilling  of 
grain  may  be  considered  important  in  use  of  mechanical  power. 
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For  animal  power  the  importance  of  major  groups  of  field 
operations  and  individual  "obs  differed  from  that  for  mechanical 
power.    Although  spikctooth  harrowing  was  the  main  individual 
job,  more  animal  power  was  used  in  various  haying  operations 
combined.    In  general,  preparation  of  land  required  only  some- 
what more  than  a  fourth  of  all  horse  work.    Light  leveling  jobs 
and  corrugating  were  most  important  in  addition  to  harrowing. 
When  horses  were  used  for  heavy  work  the  average  acreage 
covered  during  the  season  by  such  operations  was  generally 
small.    Horses  were  most  frequently  used  for  harvesting  opera- 
tions.   In  addition  to  haying  jobs  such  as  mowing,  raking,  and 
bunching,  lifting  beets,  cutting  and  raking  beans,  and  binding 
grain  were  the  major  harvest  operations.    Row  crops  were  fre- 
quently cultivated  with  horses. ...  Beets,  beans,  and  corn  were 
more  often  cultivated  with  horses  but  the  average  acreage  cov- 
ered was  smaller  than  when  these  jobs  were  done  by  tractors. 
In  total,  one -fifth  of  all  horse  work  was  for  crop  cultivation. 
Planting  operations  required  less  than  10  percent  of  the  total 
energy  for  field  work,  but  the  use  of  horses  in  these  operations 
was  relatively  important.    Except  for  planting  potatoes  on  large 
acreages,  horses  were  more  frequently  used  for  the  various 
planting  operations  than  were  tractors. 

The  relative  importance  of  individual  field  operations  or 
groups  of  operations  is  shown  by  combining  all  field  work  per- 
formed by  tractors  and  horses.    Operations  incidental  to  prepar- 
ing the  land  used  almost  5C  percent  of  all  the  energy  for  field 
work,  plowing  alone  used  more  than  a  fourth,  and  harrowing  more 
than  one-tenth  of  the  total.    Planting  operations  used  only  a  small 
amount  of  power.    Here  it  was  not  so  much  a  problem  of  high  energy 
requirement  as  of  timeliness  of  operation.    Cultivation  of  row  crops 
used  a  relatively  large  amount  of  power,  and  operations  were  ex- 
tended over  a  long  period  during  the  season.    Harvesting  opera- 
tions not  only  required  much  work— more  than  a  fourth  of  the  total 
for  field  work- -they  were  also  important  with  regard  to  timeliness 
of  operation.    On  irrigated  farms-,  haying  and  digging  of  potatoes 
and  beets  were  the  chief  operations"  during  harvest. 

In  table  9  is  presented  a  comparison  of  selected  field  operations 
for  which  both  tractors  and  horses  were  used  sufficiently  often  to 
permit  comparisons  in  rates.    The  number  of  cases  in  which  trac- 
tors were  used  was  generally  larger  for  the  larger  size  implements 
of  a  specific  kind;  the- reverse  was  true  for 'operations  performed  i 
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by  horses.    For  example,  the  common  implement  for  planting 
potatoes  with  a  tractor  was  a  two-row  planter,  whereas  one- 
row  planters  were  used  with  horses.    The  average  tractor  had 
a  rating  of  10  to  15  DBHP,  while  a  two-horse  team  was  most 
common  except  for  very  light  work  such  as  raking  hay,  for 
which  one  horse  was  sometimes  employed.    Three-  and  four- 
.  horse  teams  were  used  for  heavy  work  such  as  digging  potatoes, 
planting  potatoes,  leveling,  and  binding  grain. 

In  all  comparable  field  operations,  the  tractor  accomplished 
from  one-and-one-half  to  almost  twice  as  much  work  per  10- 
hour  day  as  horses..    However,  consumption  of  energy  by  horses 
per  acre,  as  expressed  in  equivalent  horsepower  hours,  was  fre- 
quently lower  than  the  energy  consumed  by  tractors.  Exceptions 
to  this  were  operations  that  constituted  relatively  heavy  work  for 
horses,  considering  the  size  of  implement  used. 

Horsepower  Hours  Used  in  Production  of  Major  Crops 


Calculation  of  horsepower  hours  from  the  amount  of  fuel  used 
by  tractors  and  conversion  of  horse-hours  into  equivalent  horse- 
power hours  makes  it  further  possible  to  determine  the  total 
number  of  horsepower  hours  per  acre  for  the  various,  crops  grown 
in  the  area  studied.    In  order  to  eliminate  as  much  as  possible  of 
the  variation  due  to  soil  conditions,  size  of  operation,  and  size  of 
power,  and  still  retain  a  sample  large  enough  to  obtain  satisfactory 
averages,  horsepower  hours  per  aci^e  of  the  major  crops  are  given 
in  the  discussions  that  follow,  both  for  crops  in  individual  subareas 
where  they  were  important  and  for  the  irrigated  areas  of  southern 
Idaho  as  a  whole.  -Table  10  shows  horsepower  hours  used  by  groups 
of  field  operations  for  selected  crops.    Field  operations  do  not  in- 
clude hauling  the  harvested  crop  from  the  field. 

Production  of  wheat  on  irrigated  farms  in  southern  Idaho  is 
important  in  the  Upper  Snake  River  Area.  •  Fields  in  this  area  are 
relatively  large.    Of  the  78  laorms  on  which  wheat,  was  grown,  70 
farms  used  horses  for  some  of  the  operations  necessary  to  grow 
the  crop,  while  tractors  were  used  in  production  of  wheat  on  all 
farms.    In  preparing  the  land,  all  farms  used  tractors  but  less 
than  half  used  horses  also,  chiefly  for  harrowing.    In  plantiri-g, 
horses  were  used  on  two-thirds  of  the  farms,  and  when  cultivating 
was  done,  such  as  corrugating,  horses  did  this  work  more  often 
than  tractors.    In  harvesting,  tractors  were  more  commonly  used, 
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even  though  in  1940  on  only  13  percent  of  the  farms  studied,  the 
wheat  was  harvested  with  combines,     When  binders  were  used, 
tractors  were  employed  in  the  same  number  of  cases  as  horses, 
but  all  threshing  with  stationary  threshers  was  done  with  tractors. 

Fields  were  plowed  on  about  half  of  the  farms;  on  the  other 
half,  fields  were  tilled  with  a  deep  tiller,  disked,  or  merely 
cultivated;  or  a  combination  of  tillage  operations  was  used. 
This  generally  resulted  in  lower  horsepower  hours  per  acre 
than  if  all  fields  had  been  plowed.     Whether  plowing  is  neces- 
sary depends  primarily  upon  the  preceding  crop  and  the  condi- 
tion of  the  land.    In  the  Upper  Snake  River  Area,  in  most  cases, 
wheat  followed  a  row  crop;  in  a  few  cases,  it  followed  a  grain 
crop.    When  wheat  followed  a  row  crop,  it  was  frequently  not 
necessary  to  plow,  but  cultivators,  disks,  and  harrows  could 
be  used  for  the  proper  preparation  of  a  seed  bed.  When 
harrowing  was  done,  it  was  generally  performed  twice  or 
more,  either  by  overlapping  or  by  harrowing  at  different  times 
in  opposite  directions.  , 

To  produce  an  acre  of  wheat  45  HP  hours  were  used,  of 
which  tractors  contributed  three -fourths.    Tractors  were  not 
used  much  in  planting  and  cultivating  the  crop;  for  the  major 
energy-consuming  jobs  included  in  land  preparation  and  har- 
vesting, their  use  was  relatively  high.    Slightly  more  than  45 
percent  of  the  total  work  done  per  acre  was  needed  for  land 
preparation,  planting  required  only  11  percent,  and  cultivating 
only  6  percent.    The  harvesting  of  wheat,  which  required  37  per- 
cent of  the  total  horsepower  hours,  was  again  a  heavy  load  upon 
power  resources.    In  general,  consumption  of  energy  for  grain 
crops  was  not  as  high  as  that  for  other  crops  grown,  except  pos- 
sibly for  alfalfa. 

Potatoes  were  generally  grown  after  alfalfa,  and  required 
considerable  work  to  prepare  the  land  for  an  adequate  seed  bed. 
All  fields  were  plowed  and  on  some  this  work  was  preceded  by 
a  shallow  plowing,  commonly  referred  to  as  crowning  alfalfa, 
or  by  disking*    Frequent  harrowing  was  also  more  common  on 
potato  fields  than  on  fields  prepared  for  grain.    Horses  were 
used  for  harrowing  and  leveling.    Planting  potatoes  was  more 
frequently  done  with  horses  than  with  tractors,  and  even  for 
cultivating,  horses  contributed  a  large  amount  of  the  power 
needed.    The  potatoes  were  harvested  mainly  by  tractors. 
Considering  all  field  operations,  horses  were  used  in  potato 
production  in  70  out  of  a  total  of  80  cases. 
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Total  consumption  of  energy  per  acre  of  potatoes  reached  88 
HP  hours,  the  highest  of  any  major  crop  grown.    Forty-one  per- 
cent was  used  in  land  preparation,  9  percent  in  planting,  31  per- 
cent in  crop  cultivation,  and  almost  20  percent  in  harvesting. 
Tractors  furnished  less  than  three-fourths  of  the  horsepower 
hours.  s 

Sugar  beets  were  grown  on  51  of  the  farms  located  in  the  Upper 
Snake  River  Area.    The  average  size  of  field  was  nearly  22  acres. 
In  almost  all  cases  sugar  befets  followed  potatoes.  Therefore, 
fields  were  not  plowed  in  all  instances,  and  if  they  were,  the  addi- 
tional land  preparation  was  not  large.    Horses  were  used  on  all  of 
the  fields  on  which  this  crop  was  grown,  mainly  in  planting,  culti- 
vating, and  lifting.    Tractors  were  important  only  in  preparing  the 
land. 

Of  a  total  of  78  HP  hours  consumed  per  acre  of  sugar  beets, 
only  42  percent  was  contributed  by  tractors.    Next  to  the  propor- 
tion of  the  use  of  tractors  on  alfalfa  fields,  this  was  the  lowest  for 
any  major  crop.    Of  total  consumption  of  energy  by  tractors  and 
horses,  42  percent  was  used  in  land  preparation,  6  percent  in  plant- 
ing, 32  percent  in  crop  cultivation,  and  almost  20  percent  in  har- 
vesting. 

Alfalfa  was  grown  at  some  time  in  the  rotation  on  every  irri- 
gated farm.    Average  horsepower  used  by  groups  of  operations  is 
given  for  43  fields  in  the  Upper  Snake  River  Area  where  two  cuttings 
were  generally  made  and  on  91  fields  in  the  Twin  Falls-Minidoka 
Area  where  three  cuttings  were  made.    As  alfalfa  was  seeded  with 
grain  as  a  nurse  crop,  operations  included  only  those  of  an  estab- 
lished stand.    Little  cultivating  and  corrugating  work  was  done.  Less 
than  a  third  of  the  fields  were  harrowed  with  springtooth  harrows,  an 
operation  commonly  referred  to  as  renovating.    Other  cultivating 
implements  were  fairly  insignificant,  but  many  fields  required  cor- 
rugation to  prepare  them  for  irrigation.    Except  for  corrugating  in 
the  Twin  Falls -Minidoka  Area,  tractors  were  most  commonly  used 
for  cultivating  work  on  alfalfa  fields.    For  harvesting  operations,  on 
the  other  hand,  horses  were  generally  the  more  important  source  of 
power.    For  mowing  alfalfa,  however,  many  farmers  preferred  trac- 
tors to  horses  because  of  the  greater  speed  with  which  the  work  could 
be  done. 

Total  consumption  of  energy  for  harvesting  two  cuttings  of  alfalfa 
(exclusive  of  loading  and  hauling)  in  the  Upper  Snake  River  Area 
amounted  to  nearly  22  HP  hours,  of  which  12  percent  were  used  in 
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cultivating  the  crop.    Tractor  power  represented  somewhat 
more  than  a  third  of  the  total.    In  the  Twin  Falls -Minidoka 
Area,  total  consumption  of  energy  per  acre  for  three  cuttings 
of  alfalfa  amounted  to  32  HP  hours,  of  which  17  percent  was 
used  in  cultivating  the  crop.    The  use  of  tractors,  which 
amounted  to  only  a  third  of  the  total  horsepower  hours  per 
acre,  was  slightly  less  important.    This  may  seem  surprising 
in  an  area  in  which  mechanization  and  the  use  of  mechanical 
power  had  started  eariier  and  had  progressed  further,  but  the 
reason  for  it  lies  in  the  fact  that  when  work  on  alfalfa  fields 
had  to  be  done,  mechanical  power  was  engaged  in  important 
operations  on  other  field  crops. 

Production  of  beans  was  important  in  the  Twin  Falls -Mini- 
doka Area  only.    Horsepower  hours  per  acre  were  relatively 
high  because  of  the  large  amounts  of  energy  needed  for  proper 
preparation  of  the  seed  bed.    Beans  either  followed  alfalfa  or 
were  grown  for  several  years  in  succession.    Horses  were 
important  in  corrugating,  planting,  cultivating,  and  cutting. 
On  less  than  a  fourth  of  the  fields  the  crop  was  harvested  with 
combines. 

Total  consumption  of  energy  per  acre  of  beans  amounted  to 
78  HP  hours,  of  which  62  percent  was  contributed  by  tractors. 
Almost  half  of  the  total  was  used  in  preparing  the  land,  6  percent 
in  planting,  22  percent  in  crop  cultivation,  and  23  percent  in 
harvesting. 

Table  11  gives  average  horsepower  hours  per  acre  for 
specified  crops  in  the  three  areas  combined.    The  variation 
from  energy  consumption  for  individual  crops  grown  in  indi- 
vidual areas,  as  previously  discussed,  in  all  instances  was 
relatively  minor.    Barley  has  been  added  in  this  table  to  show 
the  difference  in  horsepower  hours  per  acre  from  the  main 
grain-crop  grown- -wheat.    The  slightly  higher  average  number 
of  horsepower  hours  per  acre  for  barley  was  because  more 
energy  was  used  in  preparing  the  land.    Although  most  of  the 
wheat  was  grown  after  row  crops,  thus  requiring  less  seed  bed 
preparation,  a  relatively  large  number  of  barley  fields  followed 
wheat,  which  required  more  intensive  work  in  land  preparation. 

Figure  3  shows  graphically  the  magnitude  of  major  groups  of 
field  operations  in  relation  to  total  horsepower  hours  per  acre 
for  individual  crops  and  the  relative  importance  of  animal  power 
on  the  so-called  tractor  farms.    In  cultivating  and  harvesting 
operations  of  row  crops  and  in  harvesting  operations  of  alfalfa, 
horses  were  extensively  used. 
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Total  Horsepower  Hours  b^Type  and  Size  of  Farnq, 

In  addition  to  use  for  drawbar  field  work,  tractors  were  used 
for  belt  work  and  hauling  and  horses  chiefly  for  minor  hauling 
jobs.    In  this  type  of  work,  tractors  competed  with  electric 
motors  for  belt  work  and  with  trucks  for  hauling.    On  the  other 
hand,  some  field  or  other  work  was  hired.    Therefore,  total 
consumption  of  energy  by  mechanical  and  animal  power  on  any 
given  farm  consisted  of  field  work  and  other  work  by  power 
owned  by  the  operator  as  well  as  work  done  by  hired  power. 
From  the  viewpoint  of  the  total  use  of  power  owned  by  a  farm 
operator,  use  on  the  farm  both  for  field  and  other  work  and 
amount  of  custom  work  must  be  considered. 

In  tables  12  to  15,  all  work  done  by  tractors  and  horses, 
both  from  the  viewpoint  of  work  done  by  available  power  and 
total  use  of  power  on  the  particular  farm,  is  shown  by  type  and 
size  of  farm.    To  facilitate  a  comparison  of  the  use  of  tractors 
on  farms  in  southern  Idaho  with  that  found  in  studies  of  a  similar 
type  in  other  areas,  use  of  tractors  is  shown  both  in  tractor  hours 
(table  13)  and  in  horsepower  hours  by  major  types  of  work  done 
(table  12).    An  estimate  of  consumption  of  energy  for  work  done 
by  hired  tractors  is  shown  only  in  HP  hours. 

Approximately  9  percent  of  the  energy  developed  by  mechanical 
power  on  all  farms  was  hired  (table  12),    Energy  used  for  field 
work  was  70  percent  of  the  total  energy  used  on  all  farms,  belt 
work  constituted  nearly  9  percent,  and  other  work  such  as  hauling, 
about  12  percent.    Specialized  livestock  farms  used  the  lowest 
amount  of  energy  developed  by  mechanical  power  per  farm  and 
per  cultivated  acre.    Cash-crop  farms  used  less  total  energy  per 
farm  than  mixed  cash  crop-livestock  farms,  but  more  on  a  per 
acre  basis,    The  latter  had  the  largest  total  number  of  horsepower 
hours  for  tractors  per  farm  but  a  somewhat  lower  per  acre  use 
compared  with  cash-crop  farms.    Cash-crop  farms  had  the  highest 
proportion  of  energy  used  in  field  work--almost  73  percent--and  the 
lowest  proportion  for  belt  and  other  work  on  farms. 

Tractor  hours  of  farm-owned  tractors  (table  13),  because  of  an 
increase  in  size  of  power  unit,  declined  per  cultivated  acre  with  an 
increase  in  size  of  farm.    Cn  the  other  hand,  horsepower  hours  per 
cultivated  acre,  including  hired  work  (table  12),  did  not  show  the 
same  reduction  by  size  of  farm.    There  appeared  to  be  a  variation 
in  the  same  direction,  but  it  was  irregular  and  less  noticeable.  The 
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Table  llu-  Average  number  of  horse  hours  per  farm  for  major  types  of  work 
and  by  type  and  size  of  farm  and  EHP  hours  per  cultivated  acre,  three 
major  irrigated  areas,  southern  Idaho,  I9I4O 


Tvpe  and  size  5 

s       Work  by  : 

t 

All  work 

on 

of  farm 

'  Farms 

!      operators*  : 

Hired . : 

operators  1 

farm 

(cultivated  acres) 

horses  : 

v/ork  : 

Total 

:Work  per  cul- 

:  Field  : 

Other  : 

: 

:tivated  acre  .  , 

[Number 

!  Hours  : 

Hours  : 

Hours  : 

Hours 

:Eours : 

EHP  hr.£/ 

Livestock  farms 



Under  50  acres  •  •  ; 

i  .$3 

!  181 

21x1 

2 

U30 

1  ),  P 

PR  A 

5047IV  acres     .  .  . 

12  : 

1  272 

3U9 

93 

71U 

11  R 

P*i  1 

75-99  acres    .  .  . 

f        8  < 

•7  no 

t  398 

90o 

60 

1,366 

1  R.  £ 

3P  R 

100-121;  acres     .  . 

2 

!  5C4 

DO 

o2 

^  80 

666 

y »° 

I25-II4.9  acres     .  . 

!  3 

:  buy 

1,50U 

2,113 

t1  .7 

150.T-X99-  acres     .  . 

i  2- 

1      1  ,  dd\J 

1,770 

2,990 

J.  /  .14 

^.r  p 

:  200  and  over  .  •  . 

!  1 

:  965 

3,700 

1,800 

L  1  .Ac 
6,465 

29. L 

67.O 

Average   

i  36" 

99 

yy 

1,196 

lU.8 

31.0 

Percentage  of 

! 

total 

3P  R 

CP,  Q 

8.T 

JLUU.U 

Cash-crop  farms 

Under  50  acres  .  • 

!  15 

!  $0d 

277 

16;.  5 

33.8 

50.-7U  acres     •  .  . 

!  142 

x  63I4 

600 

I40 

19>7 

I4O.9 

75-99  acres  ■ 

!  26 

»'  756 

'  628 

^6 

1,1420 

16.7 

33.3 

100-121;  acres     .  . 

!  18 

i  1,276 

692 

1,987 

17.9 

3l4.U 

125-11+9  acres     *  . 

!  20 

:  1,1*00 

1,000 

2,l4ll4 

17.8 

314.3 

150-199  acres     .  . 

!  13 

'•■  1,730 

732 

2,1x62 

1I4.7 

27.8 

200  and  over  ... 

»  3 

>  1,885  . 

1,853 

57 

3,795 

15.8 

3h.h 

Average 

t  9U8 

680 

;  :~3o~ 

17.3 

Percentage  of  : 

total     .  .  : .  .  .  - 

57.2 

lil.o 

1.8 

100. o; 

Mixed  cash-crop-  •  '■•■  >, 

livestock  farms 

Under.  50  .acres  -• 

8-  :•  112 

•  167  ' 

II48 

"  :  1427 

10.2 

22.9 

50-7U  acres     .  .  . 

!       29  1 

511 

55U 

38 

1,103 

17.2 

35.5 

75-99  acres     .  .  .  < 

!      16  : 

808 

732 

1U 

1,5514 

18.0 

36.8 

IOO-I2I4  acres     .  .  i 

9  s 

1,028 

1,253 

27 

2>308 

20.1 

I4I.7 

125-1149  acres     .  .  ! 

!      21  s 

.  1,159 

931+ 

77 

2,170 

16.3 

32.7 

150-199  acres  - 

s      12  : 

1,880 

.  1,961; 

3,824+ 

22.3 

U5.0 

200  and  over  •  •  •  1 

9  : 

;  2,152 

1,528 

10 

3,990 

16.6 

32.0 

Average  .....  s     10 U  t 

.  1,027' 

936 

2,006 

17.9 

36.2 

Percentage  of 

total  ...... 

51.2 

I16.7 

2.1 

100,0 

'otal  all  types  i 

Under  50  acres  •  •  s 

\    31  ! 

222 

2la 

60 

523 

II4.2 

29.5 

5O-7I4  acres     .  .  • 

i      83  s 

.  539 

518 

147 

1,131; 

17.7 

36.6 

75-99  acres     .  .  .   :      50  : 

715 

706 

33 

I,h5h 

16.9 

3U.U 

100-12U  acres     .  .  s 

:      29  : 

1,1146 

821; 

26 

1,996 

17.7 

35.6 

125-1U9  acres     .  .  - 

i      hk  : 

1,231 

1,003 

U3 

2,277 

16.9 

33.U 

I5O-I99  acres     .  . 

!      27  : 

1,759 

1,356 

3,H5 

18.3 

36.1 

200  and  over  •  .  •  i 

:      13  : 

2,207 

1,770 

159 

14,136 

17.3 

35.0 

Average    : 

'   277  ; 

906 

779 

TIT 

1,729 

17.3 

Percentage  of  i 

total 

52. U 

l;5.1 

2.5 

100.0 

l/"    Horse-hours  converted  to  equivalent  horsepower  hours  for  each  indi- 
vidual operation  based  on  comparable  amount  of  work  done  by  mechanical  power 
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custom  work  done  on  all  types  of  farms  by  the  operator's  tractors 
exceeded  the  amount  used  in  hired  operations.    Cn  small  farms, 
except  those  of  a  combination  type,  the  amount  of  custom  work  was 
particularly  significant. 

No  custom  work  was  reported  for  horses  available  on  tractor 
farms  and  the  amount  of  horse  work  hired  was  only  2.  5  percent  of 
the  total  work  performed  by  horses  (table  14).    On  combination 
cash-crop-livestock  farms,  the  greatest  amount  of  animal  power 
was  used  per  farm  and  per  acre.    On  cash-crop  farms,  the  pro- 
portion of  animal  power  used  in  field  work  was  larger  than  that 
for  other  work,  totaling  more  than  50  percent.    On  the  other  hand, 
on  specialized  livestock  and  on  mixed  farms,  the  average  amount 
of  animal  power  used  for  other  work  was  considerably  larger  than 
that  used  in  field  work. 

Average  consumption  of  energy  per  farm  for  tractors  and  horses 
combined,  expressed  in  equivalent  horsepower  hours,  is  given  in 
table  15.    A  decline  in  total  horsepower  hours  used  per  acre  as 
the  size  of  farm  increases  is  noticeable.    Average  consumption  of 
energy  per  acre  was  79  equivalent  horsepower  hours.    It  was 
slightly  larger  for  cash-crop  farms  than  for  mixed  farms  or  for 
specialized  livestock  farms.    The  proportion  of  energy  consumed 
for  field  work  increased  as  the  type  of  farm  changed  from  a  spe- 
cialized livestock  farm  to  a  specialized  cash-crop  farm.    On  an 
average  of  all  farms,  60  percent  of  the  total  energy  used  was  spent 
by  the  operator's  power  units  in  field  work.    As  most  of  the  work 
hired  is  also  field  work,  nearly  two-thirds  of  the  total  consumption 
of  energy  was  spent  in  field  work. 

As  previously  indicated,  the  relation  between  size  of  farm  ex- 
pressed in  cultivated  acres  and  average  horsepower  hours  per  farm 
is  close,  at  least  for  a  specific  type  of  farm  in  a  given  area.  Al- 
though on  any  one  farm,  consumption  of  energy  may  vary  consider- 
ably from  year  to  year  and  may  differ  from  the  average  of  all 
farms- of  comparable  type. and  size, .  averages  by  size  groups  indi- 
cate that  there  is  a  close  correlation  between  size  of  farm  and  con- 
sumption of  energy.       -      -  - 

In  table  16,  average  horsepower  hours  used  per  farm  are  given 
by  size  groups  of  farms  arranged  at  10-acre  intervals  for  cash-crop 
and  combination  cash-crop-livestock  farms.    The  number  of  special- 
ized live  stock  farms  was  not  considered  large  enough  to  show  the 
same  relationship.    Cn  cash-crop  farms  of  from  30  to  200  acres  of 
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cultivated  land,  consumption  of  energy  increased  by  approximately 
775  horsepower  hours  for  each  10  acres  of  cropland.    On  combina- 
tion cash-crop-livestock  farms  for  each  10  acres  of  cropland, 
average  consumption  of  energy  increased  by  about  865  horsepower 
hours.    This  relationship  between  size  of  farm  and  consumption  of 
energy  is  shown  graphically  in  figure  4. 

Rate  of  Power  Developed  by  Tractors  and  Horses 


Annual  use  of  tractors  and  horses  consists  of  a  variety  of 
loads  of  varying  duration.    The  rate  of  energy  consumption- -that 
is,  horsepower  hours  per  tractor  hour  or  average  horsepower 
developed--depends  primarily  upon  the  type  of  work  done,  in  other 
words,  the  load.    If  a  tractor  on  a  given  farm  is  used  extensively, 
the  proportion  of  light  work  is  often  larger  than  on  another  farm  of 
similar  organization  where  the  same  sized  tractor  is  used  over  a 
short  period  and  where  heavy  work  ordinarily  would  constitute  the 
main  jobs.    Therefore,  as  the  number  of  hours  the  tractor  is  used 
increases,  the  average  horsepower  developed  frequently  declines. 

In  the  discussions  of  the  method  of  analysis  used  in  this  study.ll/ 
and  particularly  in  table  3  (page  20),  some  of  the  variations  are 
shown.    A  14-HP  tractor  actually  was  developing  only  10  horsepower 
in  plowing  sod  and  5  horsepower  when  used  to  bind  grain.  This 
illustrates  the  extremes  of  variations  that  may  be  found  in  field 
work. 

Despite  the  many  factors  that  cause  variations  in  power  developed, 
a  certain  value  is  inherent  in  average  data  of  this  type.    The  main 
reason  for  including  them  in  these  discussions  is  the  fact  that  it 
presents  a  rough  method  of  estimating  the  average  load  for  power 
units  of  different  sizes  used  on  different  types  and  sizes  of  farms. 
Unfortunately,  the  sample  for  some  of  the  classifications  used  is 
too  small  to  obtain  data  that  are  entirely  reliable. 

In  table  17,  average  annual  consumption  of  energy  per  hour  of 
use,  or  horsepower  developed,  is  given  for  tractors  and  horses  by 
type  and  size  of  farm.    On  cash-crop  farms,  average  horsepower 
developed  is  slightly  larger  than  .on  specialized  livestock  or  combina- 
tion cash-crop-livestock  farms  of  all  sizes.    This  is  true  also  for 


11/   See  pages  1 1  to  22. 
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farms  that  range  from  50  to  75  acres,  which  is  almost  the  only 
size  group  for  which  valid  comparisons  may  be  made.  How- 
ever, average  horsepower  developed  on  different  types  of  farms 
reflects  the  size  of  power  unit  in  addition  to  the  extent  to  which 
the  unit  is  utilized;  that  is,  whether  it  is  loaded  to  capacity  a 
large  proportion  of  the  time  operated.    On  an  average  of  all 
sizes  of  combination  cash-crop-livestock  farms,  the  available 
mechanical  power  unit  was  smallest,  more  horses  were  em- 
ployed to  provide  additional  power,  and  the  rate  of  energy  con- 
sumption in  relation  to  the  size  of  power  unit,  was  largest. 

Size  of  power  unit,  in  relation  to  average  horsepower  devel- 
oped, was  only  slightly  smaller  on  cash-crop  farms.    On  special- 
ized livestock  farms  on  which  the  average  size  of  power  unit  was 
relatively  large,  the  relationship  between  rate  of  energy  consump- 
tion and  size  of  unit  was  lowest.    In  other  words,  the  large  variety 
of  individual  jobs  on  a  farm  makes  it  more  difficult  to  load  a  large 
tractor  to  capacity  than  a  smaller  one.    For  many  individual  jobs, 
a  small  tractor  more  often  can  be  loaded  to  capacity.    A  large 
tractor,  because  of  investment  in  equipment  and  difficulty  in  han- 
dling large  sizes  of  implements,  cannot  be  given  a  full  load  in  as 
many  jobs.    This  is  indicated  also  in  the  rates  given  for  all  types 
of  farms  by  sizes.    The  average  size  of  the  power  unit  increases 
with  the  size  of  farm  more  rapidly  than  average  horsepower  devel- 
oped.   Thus,  the  ratio  of  horsepower  developed  to  size  of  tractor 
declines. 

This  relationship  is  shown  more  adequately  in  table  18  and 
table  34,  page   117,  where  average  horsepower  developed  is 
presented  by  size- groupings  of -tractors  and  extent  of  annual  use. 
In  these  tables,  only  those  farms  were  included  on  which  a  single 
tractor  unit  was  used,  as  the  combined  energy  consumption  of  two 
or  more  units  of  different  sizes  would  introduce  additional  diffi- 
culties.   Average  horsepower  developed  increases  with  the  size 
of  the  tractor  but  the  ratio  between  the  two  declines. 
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ENERGY  REQUIREMENTS  IN  RELATION  TO  ENERGY 
CONSUMPTION  AS  A  MEASURE  OF  EFFICIENCY  IN 
THE  USE  OF  POWER  ON  FARMS 

Energy  requirement  is  the  amount  of  energy  necessary  to 
move  a  given  implement  against  a  specific  resistance  over  a 
given  distance.    It  is  expressed  in  precise--that  is,  measurable 
--units.    The  type,  size,  or  construction  of  the  power  unit  used 
to  perform  this  work  is  immaterial  in  the  determination  of 
energy  requirements.    That  is,  regardless  of  whether  teams 
or  tractors  of  different  sizes,  or  even  men,  perform  the  work, 
the  energy  requirement  to  do  the  work  remains  the  same. 

Energy  use  or  consumption,  on  the  other  hand,  is  the 
amount  of  energy  employed  or  consumed  to  move  a  given  imple- 
ment.   It  varies  with  the  type,  size,  and  other  characteristics 
of  the  power  unit  doing  the  work,  and  is  expressed  in  units 
commonly  employed  with  the  particular  type  of  power.  Thus, 
for  manual  labor,  we  speak  of  man-hours;  for  horse  work,  we 
speak  of  horse -hours;  for  tractor,  we  speak  of  horsepower 
hours;  and  for  electric  motors,  we  speak  of  kilowatt-hours. 

Energy  requirements  are  calculated  from  the  draft  of  an 
implement  without  regard  to  the  type  of  power  used,  but  energy 
use  or  consumption  as  here  calculated  considers  type  of  power 
employed,  source  of  energy,  and  efficiency  of  power  unit  in 
converting  fuel  into  energy.    Furthermore,  the  calculation  of 
energy  requirements  for  a  particular  type  of  work  per  acre, 
by  using  the  draft  per  foot  of  implement,  does  not  take  into 
account  the  particular  conditions  under  which  the  work  is  per- 
formed on  fields  but  regards  it  as  one  continuous  operation  at 
the  given  pull  per  foot  of  implement.    For  that  reason  it  is 
theoretical  in  nature.    But  in  calculating  energy  consumption 
all  practical  operating  conditions  are  considered  which  are  re- 
flected in  a  higher  fuel  consumption  and  lower  energy  output 
than  would  be,  required  on  a  theoretical  basis. 

The  draft  of  an  implement  in  pounds  per  foot,  which  is 
necessary  for  the  calculation  of  theoretical  energy  requirements, 
can  be  determined  accurately  only  by  means  of  a  dynamometer. 
As  there  are  variations  in  the  draft  of  an  implement  even  under 
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similar  soil  and  climatic  conditions!2/  and  as  it  would  be  impos- 
sible to  determine  the  draft  for  each  implement  on  every  farm, 
it  is  suggested  that  averages  be  used  for  all  farms  in  a  somewhat 
homogeneous  area.    Thus,  the  average  draft  of  an  implement  is 
multiplied  by  a  constant  factor  to  obtain  theoretical  horsepower 
hour  requirements  per  acre.    The  development  of  this  factor, 
which  amounts  to  0.  022,  is  shown  in  footnote  13.    If,  in  mold- 
board  plowing,  the  draft  of  the  implement  is  775  lbs.  per  foot, 
the  theoretical  energy  requirement  per  acre  is  775  X  0.  022,  or 
16.  94  horsepower  hours  per  acre.    If  the  draft  of  the  same  or 
another  implement  is  500  lbs.  per  foot  of  width,  the  theoretical 
energy  requirement  is  11.  00  horsepower  hours  per  acre  for  that 
work. 

12/    For  variations  in  the  draft  of  implements,  see  Mont.  Expt.  Sta. 
Bui.  344  entitled  "A  Study  of  the  Operation  of  Tractors  and  Imple- 
ments Under  Farm  Conditions",  by  Murdock,  H.  E.    Also  see  Amer. 
Soc.  of  Agr.  Engin.  ,  Agricultural  Engineering,  Data  #2,  Crop 
Machinery  Use  Data,  compiled  by  C.  B.  Richey,  June  1949. 
13/  Horsepower  hours  per  acre  =  Horsepower  x  hours  per  acre 

Power  =  Pull  x  Distance   or  Pull  x  Velocity 
Time 
P  =  Pull  in  pounds 
V  =  Velocity  in  miles  per  hour 

Horsepower  (HP)  =  PV        5280  or  P 

33000  x  60  375 


Hours  per  Acre  =  43560 


W  V  5280 
V/  =  Width  of  implement  in  feet 


Horsepower  hours  per  acre  =      X    ^  x 


43560 


375"  W  V  5280 

43560  P_ 
375  x  5280  W 
P  _J_ 
'W    X       45-.  45 

w" 


JL  x  .022 


■y7     ~  Pull  per  foot  of  width  of  implement  in  pounds 
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Of  greater  practicable  use  than  the  theoretical  energy 
requirements  per  acre  are  energy  requirements  which  are 
possible  of  attainment.    Even  these  are  exceeded  in  most 
cases  by  farmers  in  their  actual  consumption  of  energy  as 
calculated  from  fuel.    Overlapping  of  implements,  delays 
while  implements  are  cleared  of  trash,  turning  at  ends  of 
fields,  and  other  cases  occurring  more  or  less  frequently' 
are  unavoidable  and  result  in  greater  use  of  fuel  and  conse- 
quently in  higher  consumption  of  energy  than  are  theoreti- 
cally required.    To  adjust  theoretical  energy  requirements 
so  they  will  serve  as  a  realistic  standard  in  judging  efficiency 
in  the  use  of  power  on  farms,  it  is  suggested  here  that  they 
be  increased  to  a  level  of  attainable  energy  requirements  for 
each  separate  field  operation.    The  adjustment  proposed  here 
is  the  difference  between  the  theoretical  and  the  actual  work 
performed  daily.    The  theoretical  performance  of  work  in 
acreage  covered  can  be  calculated  from  width  of  implement, 
speed  of  operation,  and  time  of  actual  field  work  per  day.  The 
actual  performance  is  reported  by  farmers.    Most  of  the  fac- 
tors which  cause  reported  acreage  to  be  lower  than  calculated 
acreage  are  identical  with  those  causing  attainable  energy  re- 
quirement to  be  higher  than  theoretical  energy  requirement. 
Calculated  acreage  does  not  consider  stops,  overlapping, 
turning  at  ends  of  fields,  and  other  unavoidable  delays.  Acre- 
age actually  covered  by  farmers  would  account  for  these 
practical  operating  conditions  by  a  lower  acreage  reported 
than  is  theoretically  possible.    A  considerable  variation  was 
found  in  the  ratio  of  calculated  to  reported  acreage  for  indi- 
vidual field  operations.    In  plowing,  there  is  less  delay  and 
overlapping  than  in  harrowing.    Cn  an  average,  reported  acre- 
age plowed  was  only  10  to  15  percent  lower  than  calculated 
acreage,  while  in  harrowing  it  was  25  percent  lower. 

The  method  of  calculating  attainable  energy  requirements 
and  the  comparison  between  these  requirements  and  energy 
consumption  as  calculated  from  fuel  consumption  is  shown  in 
table  19  for  selected  field  operations.    As  no  test  data  for  the 
draft  of  implements  are  available,  estimates  of  the  pull  per 
foot  of  implement  are  shown  in  the  first  column  for  the  partic- 
ular field  operation.    The  theoretical  energy  requirement  per 
acre  (column  2)  are  these  values  multiplied  by  0.022.  Records 
for  many  individual  field  operations  indicated  that  in  plowing 
sod  the  reported  acreage  was  about  88  percent  of  the  acreage 
calculated.    In  plowing  stubble  it  was  90  percent,  for  tandem 
disking  78  percent,  and  for  spiketooth  harrowing  75  percent. 
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More  frequent  stops  to  clear  implements  and  more  overlapping 
account  for  a  lower  actual  performance  for  disking  and  harrow- 
ing than  was  calculated.    These  values  have  been  entered  in 
column  3  as  the  adjustment  factor  for  the  theoretical  energy 
requirement.    Thus,  in  adjusting  .0.  022  by  the  percentage 
which  the  reported  acreage  is  below  the  calculated  acreage, 
values  are  obtained  which,  when  multipled  by  the  draft 
(column  1),  result  in  attainable  energy  requirements  (column 
4),    These  may  now  be  compared  with  average  consumption 
as  calculated  from  fuel  consumption  (column  5).    The  extent 
to  which  consumption  of  energy  is  above  attainable  energy  re- 
quirement indicates  the  average  efficiency  in  the  use  of  tractor 
power  on  farms  for  the  specified  field  operation. 

For  plowing  sod,  an  operation  in  which  power  and  size  of 
implement  are  ordinarily  fairly  well  matched,  consumption  of 
energy  was  only  12  percent  higher  than  attainable  energy  re- 
quirement.   In  plowing  stubble,  the  lighter  load  cannot  be  fully 
compensated  for  by  greater  speed  of  operation.    The  efficiency 
is  considerably  lower.    For  lighter  field  operations,  such  as 
disking  and  harrowing,  for  which  power  unit  and  implement 
ordinarily  are  not  fitted  so  well  and  v/here  overlapping  and  fre- 
quent stops  are  the  rule,  the  efficiency  in  the  use  of  tractor 
power  is  the  lowest,  energy  consumption  as  calculated  from 
fuel  consumption  being  50  percent  higher  than  the  attainable 
energy  requirement. 

In  connection  with  the  discussion  of  the  influence  of  the  com- 

.14/ 

bination  of  power  and  implement  upon  energy  consumption.!—'  i 
the  increase  in  consumption  of  energy  as  the  combination  be- 
came less  favorable  was  pointed  out.    In  the  case  of  plowing 
sod,  consumption  of  energy  increased  from  an  average  of  16 
HP  hours  per  acre  for  combinations  of  less  than  one-half  rated 
horsepower  of  the  tractor  per  inch  of  cut  of  the  moldboard 
plow,  to  more  than  30  HP  hours  per  acre  for  combinations 
over  one  rated  horsepower  per  inch  of.  cut.     While  the  combina- 
tion of  power  and  implement  is  not.  the.  only  factor  that  influences 
energy  consumption  per  acre,  it  may  be  noted  that  more  than 
50  percent  of  the  combinations  under  0.  6  rated  horsepower  of 
the  tractor  per  inch  of  cut  of  moldboard  plow  had  an  energy 
consumption  that  was  below  the  attainable  energy  requirement 
as  calculated  above.    The  majority  of  all  cases  of  plowing  sod; 
however,  had  an  energy  consumption  that  exceeded  the  attain- 
able requirement. 


14/   See  pages  31  ff. 
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SEASONAL  DISTRIBUTION  OF  ENERGY  CONSUMPTION  ON 
A  TYPICAL  FARM  IN  THE  UPPER  SNAKE  RIVER  AREA 


The  size  of  tractor  and  implements  that  are  needed  to  perform 
all  necessary  field  operations  depends  upon  the  size  of  farm  and 
its  organization.    Seasonal  distribution  of  all  field  work  to  be  done 
by  the  tractor,  that  is,  the  time  and  amount  of  work  needed  to  com- 
plete the  job  within  certain  limits,  is  also  of  great  importance  in 
selecting  the  size  of  tractor..    A  typical  cash-crop  farm  in  the 
Upper  Snake  River  Area  was  chosen  to  illustrate  the  seasonal 
distribution  of  the  use  of  power.    To  simplify  the  illustration,  the 
farm  was  operated  with  tractor  power  only;  no  horses  were  used. 
Furthermore,  only  the  distribution  of  field  work  is  given. 

The  farm  consisted  of  140  acres,  of  which  30  were  in  permanent 
.pasture,  garden,  roads,  ditches,  farmstead,  and  wasteland,  leaving 
110  acres  of  cultivated  land.    There  were  35  acres  of  alfalfa  and  10 
acres  of  red  clover  seed;  40  acres  of  row  crops,  of  which  25  acres 
were  in  potatoes  and  15  acres  in  sugar  beets;  and  25  acres  in  grain 
crops,  of  which  13  acres  were  in  wheat  and  12  acres  in  barley. 
The  rotation  called  for  a  sod  crop  followed  by  row  crops,  which  in 
turn  were  followed  by  grains. 

Machinery  for  field  work  consisted  of  one  16-HP  tractor,  one 
1 -bottom  18-inch  moldboard  plow,  one  3 -section  spiketooth  harrow, 
one  10-foot  land  leveler,  one  10-foot  grain  drill,  one  7-foot  mower, 
one  8-foot  dump  rake,  one  2 -row  potato  cultivator,  one  4-row  beet 
cultivator,  one  1  -  row  potato  digger,  one  1-row  beet  lifter,  and  one 
i>-foot  binder.    This  equipment  was  of  the  type  for  use  with  mechan- 
ical power  and  represented  the  kind  of  equipment  then  found  in  the 
Upper  Snake  River  Area  on  farms  of  this  type  and  size.    A  thresh- 
ing machine  was  not  owned  by  the  operator  but  was  used  cooperatively 
or  hired.    Power  to  operate  the  thresher  was  supplied  by  the  farmer. 

Field  operations  and  average  rates  of  field  work  for  labor  and 
power  are  given  in  table  20  by  crops  and  individual  operations. 
This  table  shows  only  field  operations  in  which  the  tractor  was 
used  during  the  season.    Threshing  of  grain  is  included  as  it  gener- 
ally follows  soon  after  the  binding  of  the  crop.    Threshing  of  clover 
seed  is  not  included,  as  this  work  is  usually  done  late  in  the  fall  or 
winter.    Hauling,  which  in  total  requires  considerable  work,  is  also 
excluded  as  horses  or  trucks  were  used  more  frequently  in  this  kind 
of  work.    In  fact,  many  of  the  lighter  field  operations  in  practice  and 
under  conditions  in  1940  would  have  been  performed  by  horses  rather 
than  by  tractors. 
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Table  20 *  Field  operations  and  labor  used  in  operating  tractor- drawn 
equipment  on  a  lUo-acre  cash-crop  farm,  Upper  Snake  River 


Crop  and  field 
operation 


Potatoes ' 

Plowing  .  . 

Harrowing  . 

Leveling  . 

Planting  , 

Harrowing  • 

Cultivating 

Digging  .  . 

Total  or  average 
Sugar  beets 

Plowing  ,  • 

Harrowing  • 

Leveling  • 

Planting  . 

Cultivating 

Lifting  *  . 

Total  or  average 
Small  grains 

Disking  •  • 

Harrowing  • 

Leveling  • 

Drilling  • 

Corrugating 

Binding  .  • 

Threshing  • 

Total  or  average 
Alfalfa  hay 

Springtooth 

Corrugating 

Mowing    •  • 

Raking    .  • 

Bunching  • 

Total  or  average 
Red  clover  seed 

Fertilizing 

Corrugating 

Mowing    •  . 

Raking    .  • 

Bunching  • 

Total  or  average 


All  field  operations 


'Total 
'acres 
5  worked 


25 
75 
25 
25 
25 
125 
25 


25 
50 
25 
25 
25 
25 
25 
25 


10 
10 
20 
20 
20 
10 


Man  hours 


'Horsepower  hours* 


Average 
rate 
per 
acre 


15 
1+5 
15 
15  : 
90 
15 
15 


35 
35 
70  * 
70 
70 

W 


no 


1.96 
.28 

Vl.78 
~  .28 

±/3.3h 
10.98 

1.51+ 
.28 

yi.l+o 
.50 
2.13 
9T2H 

.1*6 
.28 

IA.28 
1/2.60 
b.70 

.38 
.35 

.la 

.1+0 
.30 

^% 

.50 
.35 
•iii 

.i+o 

.30 
3.07 

6.50 


:     Total  i 

1  Average 

rate 

5  Total 

per 

acre 

: Man-hours  i 

HP  hours 

:HP  hours 

1+9.0 

!  23.1 

577.5 

21.0  ! 

I  2.9 

217.5 

Q  1 
8.3 

4*3 

107.5 

1+1+.1+ 

1  7.7 

192.5 

7.0 

!  2.9 

72.5 

61.3  1 

!  5.2 

650.0 

83.1+ 

!  17.1+ 

U35.0 

!  90.1 

2,252.5 

25.I  , 

18.2 

273.0 

12.6  :  2.9 

130.5 

5.0  - 

1  1+.3 

61+.  5 

21.0 

1  5.0 

75.0 

1+5.0 

!  1+.8 

1+32.0 

31.9  ' 

20.2 

303.0 

138.6  ! 

:  65.2 

1,278.0 

11.5 

I  1+.9 

122.5 

ll+.O 

s.  2.9 

ll£.o 

8.3 

1  U.3 

IO7.5 

28.0 

t  U.O 

100.0 

8,7  •  3.3 

82.5 

32.0  • 

!  7o0 

175.0 

65.0  {  12.0 

300.0 

■167.5  :  U1.3 

1,032.5 

! 

13.3  :  5.0 

.  175.0 

12.3 

3.3 

115.5 

28.7 

:  1+.5 

315.0 

28.0 

!  3.5 

21+5.0 

21.0 

r  2.5 

175.O 

103.3 

:  29.3 

1,025.5 

.'5.O 

! 

3.5 

.  3.5 

i  3.3 

33.0 

8.2 

90.0 

8.0 

:  3.5 

70.0 

6.0 

2.5 

50.0 

30.7 

;  ■■•  27.8 

278.0 

711+.5 

»'  53.3 

5,866.5 

T/    Two  men  required  or 


supplied  by  farmer. 
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Somewhat  more  than  600  hours  of  tractor  work  would  be  re- 
quired with  a  total  of  nearly  5,  900  horsepower  hours.    In  the  opera- 
tion of  power  for  field  work,  somewhat  more  than  700  man-hours 
would  be  needed.    Production  of  potatoes  under  the  assumed  condi- 
tions required  the  largest  number  of  horsepower  hours,  followed 
by  sugar  beets,  grains,  hay,  and  forage  seeds.    Approximately  30 
percent  of  the  total  horsepower  hours  would  be  used  in  preparing 
the  land.    Planting  required  6  percent,  cultivation  of  crops  27  per- 
cent, and  harvesting  37  percent.    Thus,  harvesting  operations  have 
a  higher  total  consumption  of  energy  than  land, preparation,  which 
usually  is  considered  the  main  power  load.    However,  the  power 
load  for  preparation  of  land  was  significant  because  of  the  time  limit. 
All  land-preparation  work,  or  30  percent  of  the  total  horsepower 
hours  used  for  all  field  work  on  this  farm,  fell  within  8  weeks  and 
much  of  it  was  carried  on  while  planting  and  cultivating  operations 
were  under  way.    Harvesting  operations  from  the  first  hay  crop  to 
the  sugar-beet  harvest  extended  over  a  period  of  15  weeks  and  con- 
stituted a  relatively  small  load  in  any  one  week. 

Consumption  of  energy  during  the  season,  by  major  groups  of 
field  operations,  is  given  in  table  21  and  shown  graphically  in  figure 
5.    Field  work  begins  normally  during  the  last  week  in  March  when 
the  sugar-beet  field  is  plowed.    Preparation  of  the  land  for  grains 
and  potatoes  follows  quickly.    While  this  work  goes  on,  sugar  beets 
and  grains  are  planted,  but  planting  of  potatoes  ordinarily  is  delayed 
until  all  danger  from  late  frosts  has  passed.    Crop  cultivation  begins 
at  the  end  of  April  or  the  beginning  of  May'.    At  that  time  of  the  season, 
grain  fields  must  be  corrugated  and  sugar  beets  cultivated  or  prepared 
for  irrigation.    Cultivating  continues  on  the  row-crop  fields  until  the 
beginning  of  August,    Harvesting  starts  with  the  cutting  of  the  first 
hay  crop  at  the  end  of  June  and  early  July,,  and  continues  until  the 
first  week  in  November,  when  the  beet  harvest  is  completed. 

Weather  interference  can  be  expected  almost  any  time  in  the 
spring  or  fall  when  the  work  load  is  heaviest.    The  desirability  of 
reserve  power  in  the  form  of  a  team  of  horses  is  readily  understood. 
In  the  spring  it  would  permit  relieving  the  .trac,tqr  of  such  jobs  as 
harrowing  and  planting;  in  the  fall  hauling  jobs  would  fully  use  this 
reserve  power. 

Tractor  field  work,  as  illustrated,  occurs  in  waves  of  declining 
peaks.    This  is  caused  by  the  fact  that  field  work  must  be  done  in 
certain  periods  to  obtain  best  results.    On  the  other  hand,  the  slack 
periods  for  the  tractor  are  not  periods  of  leisure  for  the  farmer  and 
his  workers.    Among  the  many  jobs  for  which  no  power  is  used, 
irrigating  of  crops  is  the  most  important. 


~n  - 


Table  21.-  Seasonal  distribution  of  the  use  of  tractor  power  on  a 
ll^O-acre  cash-orop  farm,  Upper  Snake  River  Area,  Idaho,  by- 
major  types  of  field  operation 


Month  and  week 


March, 
April, 


May, 


June, 


July, 


August, 


September, 


October, 


November, 


Total 


1st 
2nd 
3rd 
Ilth 
1st 
2nd 
3rd 
Uth 
1st 
2nd 
3rd 

hth 

1st 
2nd 
3rd 
hth 
1st 
2nd 
3rd 
Uth 
1st 
2nd 
3rd 
kth 
1st 
2nd 
3rd 
[|th 
1st 
2nd 


:  Land 
tprepara- 
:  tion 

1  Plant- J  C™?  1 
:culti-  s 

•            :  vat  ion 

Harv-  ' 

esting 

•Total  all 
opera- 

!  tions 

:  HP  hr. 

iHP  hr.:HP  hr.  i 

•HP  hr.  s 

,  HP  hr. 

* 

• 

Percent  of  total 


220 
305 

319 
2h9 
280 
216 
123 
33 


:    - —  : 

*  mm  mm  mm 

* 

:  30 

s  110 

:  35 

80 
113 


 : 

—  :   
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INVESTMENT  IN  POWER  AND  ECUIPMENT 

The  primary  purpose  of  this  study  of  the  use  of  power  on 
farms  was  to  obtain  physical  data  that  will  aid  in  using  mechan- 
ical power  more  efficiently.    Although  major  changes  in  prices 
and  price  relationships  have  occurred  since  the  basic  data  for 
this  study  were  obtained,  some  monetary  values  are  useful 
partly  for  purposes  of  comparison,  and  partly  to  present  im- 
portant relationships  that  cannot  be  shown  in  any  other  way. 
Values  obtained  in  1940  can  no  longer  be  a  guide  but  they  can 
be  used  to  illustrate  increases  since  that  time  and,  as  is  done 
in  these  discussions,  to  point  out  relationships. 

Total  investment  in  power,  equipment,  shops,  and  housing 
amounted  to  about  $2,  600  per  farm  in  1940  (table  22).  Invest- 
ments varied  considerably  among  types  and  sizes  of  farms.  In 
general,  specialized  livestock  farms  had  a  low  average  invest- 
ment while  combination  cash-crop-livestock  farms  had  a  rela- 
tively high  investment  in  power  and  equipment.    The  reasons 
for  this  variation  are  readily  understood.    Less  apparent,  how- 
ever, are  the  reasons  for  differences  in  investment  by  types  of 
farms  of  the  same  size,  or  for  various  size  groups  of  farms 
within  the  same  type.    These  differences  were  caused  by  the 
particular  farm  organization  and  the  amount  of  power  and 
equipment  needed  for  given  enterprises.    Mechanization  of 
agricultural  production  has  not  progressed  equally  far  in  all 
lines  of  agricultural  production.    Even  on  so-called  cash-crop 
farms,  the  amount  of  power  and  equipment  depends  upon  the 
type  of  cash-crop  grown. 

Mechanization  of  potato  production  in  southern  Idaho  in 
1940,  for  example,  had  progressed  farther  than  mechaniza- 
tion of  sugar-beet  production.    Therefore,  cash-crop  farms 
in  the  Upper  Snake  River  Area  that  grow  potatoes  would,  under 
otherwise  similar  conditions,  have  a  higher  investment  in  power 
and  equipment  than  cash-crop  farms  of  the  same  size  in  the 
Twin  Falls -Minidoka  Area  that  grow  sugar  beets.  Furthermore, 
the  power  and  equipment  needed  for  one  crop  may  be  more  ex- 
pensive than  those  for  other  crops.    Similarly,  if  the  predom- 
inant livestock  enterprise  on  so-called  livestock  farms  consisted 
of  dairy  or  intensive  beef- fattening  operations,  these  farms  had 
much  higher  investments  than  when  range  livestock  enterprises 
were  connected  with  irrigated  farms  and  the  cultivated  land  used 
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primarily  for  forage  production.    In  terms  of  cultivated  land,  small 
livestock  farms  had  a  relatively  high  investment  in  power  and  equip- 
ment because  dairying  was  the  most  common  enterprise.    On  large 
livestock  farms,  the  investment  was  relatively  low  because  beef 
and  sheep  enterprises  predominated. 

On  the  average  of  all  farms,  the  investment  in  power  and  equipment 
amounted  to  about  $26  per  acre  of  cultivated  land.    It  declined  rapidly 
as  the  size  of  farm,  as  measured  by  cultivated  acres,  increased.  On 
farms  that  averaged  nearly  240  acres,  the  investment  per  acre  was 
only  40  percent  of  that  on  small  farms,  which  averaged  37  acres  per 
farm. 

A  gradual  rise  as  size  of  farm  increases  is  shown  if  investment 
in  power  and  equipment  is  related  to  available  power  for  field  work. 
Available  power  did  not  increase  in  the  same  proportion  as  total 
investment  and  size  of  farm  or,  in  other  words,  the  investment 
value  per  available  horsepower  was  greater  on  large    than  on  small 
farms.    Although  investment  in  tractors  and  horses  per  unit  of  rated 
power  was  lower  on  large  than  on  small  farms,  investment  in  trucks 
and  farm  machinery  for  field  work  other  than  power  was  considerably 
higher. 

The  value  of  field  power  represented  more  than  30  percent  of 
total  investment,  trucks  and  automobiles  14  percent,  farm  equipment 
including  electric  motors  45  percent,  and  shop  equipment  and 
machinery  housing  11  percent.    On  specialized  livestock  farms, 
investment  in  power  is  relatively  high,  while  on  cash- crop  farms 
investment  in  farm  equipment  in  relatively  more  important. 

COSTS  OF  OPERATING  FARM  POWER 

Data  relating  to  cost  of  operating  farm  power  in  1940  are  given 
here  not  because  their  level  is  particularly  significant  at  present, 
but  to  illustrate  the  relative  importance  of  various  cost  items  for 
tractors  and  horses. 

Table  23  gives  average  annual  costs  of  operating  tractors  and 
horses  by  type  and  size  of  farm.    For  tractors,  variable  costs,  or 
those  cost  items  that  change  almost  in  proportion  to  use,  accounted 
for  more  than  50  percent  of  total  costs  on  the  average  of  all  farms. 
This  percentage  increased  as  the  size  of  farm  increased.  For 
horses,  all  cost  items  were  relatively  stable;  that  is,  only  minor" 
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changes  were  connected  with  use.    Feed  costs  and  chore  labor 
combined  constituted  by  far  the  major  part  of  total  costs.  On 
irrigated  farms  feed  costs  were  relatively  low  because  the 
feed  consisted  chiefly  of  pasture  or  range  that  would  be  uti- 
lized incompletely  or  not  at  all  if  no  horses  were  kept.  Where 
horses  were  extensively  used,  however,  harvested  feeds,  es- 
pecially grains,  were  necessary  at  least  during  the  period  of 
field  work.    An  indication  of  the  extent  of  feeding  horses  with 
harvested  feeds  is  given  by  the  relatively  high  proportion  of 
feed  costs  on  cash-crop  and  mixed  cash-crop-livestock  farms 
where  there  was  only  a  little  grazing  land. 

The  average  annual  use  of  tractors  on  specialized  livestock 
farms  was  relatively  low.    Average  annual  costs  of  operating 
tractors  on  these  farms  were  also  lower  than  on  the  other  types. 
But  total  costs  per  hour  of  use  exceeded  those  for  other  types. 
Tractors  were  used  more  extensively  on  mixed  cash-crop-live- 
stock farms  and  operating  costs  per  hour  of  use  were  lowest. 
This  relationship  between  extent  of  use  of  tractors  and  opera- 
ting costs  per  hour  by  types  of  farms  is  given  in  table  24. 

For  horses,  the  same  general  relationship  between  use  and 
costs  per  hour  of  use  holds  true.    The  decline  in  operating  costs 
per  hour  accompanying  an  increase  in  use  is  of  minor  signifi- 
cance, however,  as  costs  of  keeping  horses  are  relatively 
stable. 

It  has  been  pointed  out  that  hours  of  use  are  poor  measures 
of  the  amount  of  work  that  has  been  or  can  be  accomplished. 
Consequently,  the  calculation  of  costs  per  hour  of  use  does  not 
give  a  true  picture  of  what  it  costs  to  perform  a  given  amount 
of  work.    Obviously,  an  hour  of  plowing  costs  more  than  an 
hour  of  harrowing  or  drilling  grain,  so  far  as  operation  of 
power  is  concerned.    Consumption  of  energy  expressed  in  terms 
of  horsepower  hours,  on  the  other  hand,  gives  the  amount  of 
energy  actually  expended  in  each  operation.    Costs  calculated 
on  this  basis  reflect  actual  expenditures  for  each  operation. 
Thus,  if  a  given  tractor  uses  10  HP  hours  per  hour  of  plowing 
and  5  HP  hours  per  hour  of  binding  grain  and  the  operating 
costs  amount  to  7  cents  per  HP  hour,  one  hour  of  plowing, 
using  this  tractor,  costs  70  cents  and  one  hour  of  binding  grain 
costs  35  cents,  considering  power  operating  costs  only.  In 
table  24,  tractor  and  horse  operating  costs  per  horsepower 
hour,  as  well  as  combined  costs  of  operating  available  power' 
by  type  and  size  of  farm,  are  given.    The  significant  points 
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shown  are  that  when  costs  are  calculated  on  the  basis  of  energy  con- 
sumption of  work  accomplished,  as  reflected  in  energy  consumption, 
use  of  horses  on  an  average  of  all  field  work  was  only  slightly  lower 
in  costs  than  was  use  of  tractors.    Operating  costs  for  animal  power 
were  6  cents  per  equivalent  horsepower  hour,  as  compared  with  7 
cents  per  horsepower  hour  of  tractors.    Furthermore,  operating 
costs  for  mechanical  power  increased  with  the  size  of  the  power 
unit  but  decreased  slightly  per  horsepower  hour  as  the  size  of  power 
unit  increased.    Operating  costs  for  horses  increased  and  decreased 
with  extent  of  use,  as  total  annual  costs  are  relatively  fixed.  From 
the  standpoint  of  costs  per  unit  of  work  accomplished,  horses  were 
little  lower  in  operating  costs  than  tractors.    Furthermore,  on 
farms  spending  more  for  purchased  feeds  than  these  irrigated  farms, 
operating  costs  for  horses  may  well  equal  or  exceed  those  of  mechan- 
ical power  as  calculated  on  this  basis.    If  operating  costs  of  tractors 
and  horses  as  well  as  labor  costs  are  considered,  the  use  of  tractors 
becomes  considerably  more  economical  than  that  of  horses. 

In  preceding  discussions  of  tractor -operating  costs,  total  costs 
and  costs  per  hour  of  use  and  per  horsepower  hour  were  given  by 
type  and  size  of  farm.    Size  of  power  and  extent  of  annual  use  entered 
the  results  only  insofar  as  they  were  reflected  by  type  and  size  of 
farm.    The  size  of  the  available  power  unit  and  the  extent  to  which 
this  unit  is  used,  however,  greatly  influence  operating  costs.  The 
main  reason  is  the  fact  that  fixed  costs  represent  a  relatively  large 
proportion  of  total  costs  for  all  sizes  of  power  units.    Their  signifi- 
cance decreases  as  annual  use  increases.    For  the  following  analysis 
of  operating  costs  by  size  of  tractor  and  extent  of  annual  use,  only 
farms  on  which  one  tractor  was  in  use  were  employed.    The  number 
of  farms  by  size  groups  of  tractors  and  extent  of  use  are  given  in 
table  35,  page  119.    More  than  90  percent  of  all  farms  had  tractors 
of  less  than  20  HP;  almost  70  percent  were  between  10  and  20  HP. 
Almost  90  percent  of  all  farms  used  their  tractors  less  than  600 
hours  annually,  60  percent  were  in  groups  that  showed  200  to  600 
hours  of  use,  and  14  percent  of  the  tractors  were  used  less  than 
200  hours. 

In  table  25,  operating  costs  for  tractors  are  given  by  size  of  trac- 
tor and  extent  of  annual  use,  together  with  data  as  to  size  of  farm, 
total  consumption  of  energy,  and  extent  ox  work  done  by  mechanical 
power.    The  extent  of  use  of  a  tractor  depends  not  only  upon  the  size 
of  farm  and  its  organization,  including  the  types  of  crops  grown,  but 
also  upon  the  amount  of  animal  power  available.    The  proportion  of 
work  done  by  the  tractor  increased  with  size  of  farm. 
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Costs  per  hour  of  use  of  tractors  increased  from  56  cents 
for  tractors  under  10  horsepower  to  more  than  $1.  00  for 
tractors  from  20  to  25  horsepower.    Cn  the  other  hand, 
operating  costs  per  horsepower  hour  declined  slightly  as 
the  size  of  the  power  unit  increased. 

Tractor  operating  costs,  both  per  hour  of  use  and  per 
horsepower  hour,  declined  rapidly  as  extent  of  annual  use 
increased.    Operating  costs  on  farms  on  which  tractors  were 
used  from  800  to  1,000  hours  were  only  about  37  percent  of 
costs  on  farms  on  which  the  tractor  was  used  under  200  hours. 

USE  CF  LABOR  CN  TRACTOR  FARMS 

In  a  study  of  the  use  of  power  on  farms,  attention  must 
necessarily  be  given  to  the  use  of  labor.    It  is  a  displacement 
of  manual  labor,  a  shortening  of  working  hours,  or  in  general, 
an  easing  of  the  labor  load,  frequently  accompanied  by  a  re- 
duction in  operation  costs,  which  is  achieved  or  at  least 
attempted  by  the  use  of  mechanical  power  and  its  supplementary 
equipment. 

On  the  average  of  all  types  and  sizes  of  farms  in  the  three 
irrigated  areas  of  southern  Idaho,  farm  operators  spent 
slightly  less  than  one  year's  work  in  operating  their  farms 
(table  26).    No  consistent  variation  was  found  in  the  amount 
of  operator's  labor  on  various  sizes  and  types  of  farms  ex- 
cept that  the  number  of  man-days  spent  by  the  operator  was 
slightly  higher  on  farms  specializing  in  livestock  production' 
than  the  average  of  all  farms.    The  labor  of  the  operator  and 
other  family  members  per  farm  was  highest  in  the  Upper  Snake 
River  Area,  where  on  the  average  farms  were  larger  than  in 
the  other  areas,  and  lowest  in  the  Twin  Falls -Minidoka  Area, 
where  the  number  of  farms  that  specialized  in  livestock  produc- 
tion was  smallest.    The  amount  of  family  labor  generally  in- 
creased with  the  size  of  farm.    There  were  exceptions  in 
which  additional  labor  needs  were  met  chiefly  by  employment 
of  regularly  hired  or  seasonal  workers. 

The  total  labor  used  on  farms  increased  less  than  in  pro- 
portion to  the  size  of  farm,  resulting  in  a  decline  in  the  number 
of  man-days  per  cultivated  acre  as  the  size  of  farm  increased. 
Farms  with  less  than  50  crop  acres  used  almost  twice  the  labor 
per  acre  compared  with  farms  of  more  than  200  crop  acres. 
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Fable  25.-  Average  operating  costs  of  tractor,  and  annual  use  of  tractor ,l/ 
by  "type  of  farm  and  by  size,  three  major  irrigated  areas, 

southern  Idaho,  191+0 
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Table  25.-  Average  operating  costs  of  tractor,  and  annual  use  of  tractor,.!/ 
by  "type  of  farm  and  by  size,  three  major  irrigated  areas, 
southern  Idaho,  191+0  (Continued) 
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This  difference  in  the  amount  of  labor  per  acre  was  surpris- 
ingly large  considering  that  the  study  included  only  farms  on 
which  tractors  were  in  use.    In  the  tipper  Snake  River  Area, 
where  the  average  size  of  farm  was  largest,  the  total  labor 
used  per  acre  was  smaller  than  in  the  other  areas.    The  high- 
est average  labor  use  per  acre  was  found  in  the  Boise -Caldwell 
Area,  where  a  comparatively  large  number  of  dairy  farms  and 
some  double-cropping  tended  to  increase  the  use  of  labor  per 
acre. 

Specialized  livestock  farms  used  the  most  labor  in  relation 
to  size,  particularly  in  the  Boise-Caldwell  Area,  where  dairy- 
ing predominated.    In  the  Upper  Snake  River  Area,  where  live- 
stock enterprises  consisted  chiefly  of  range  livestock,  the  use 
of  labor  per  cultivated  acre  on  specialized  livestock  farms  was 
lower  than  on  farms  of  other  types  which  were  comparable  in 
size  expressed  in  cultivated  acres. 

Cn  cash-crop  farms,  areas  varied  considerably  in  use  of 
labor  per  cultivated  acre.    This  was  because  of  the  predominant 
types  of  cash  crops  grown,  intensity  of  productions  and  length 
of  season,  which  may  permit  one  or  more  crops  to  be  grown 
on  the  same  field.    Thus,  the  average  labor  used  on  cash-crop 
farms  v|as  lowest  in  the  Upper  £rake  River  Area  and  highest  in 
the  Boise -Caldwell  Area.    For  ail  areas,  the  amount  of  labor 
per  cultivated  acre  on  this  type  of  farm  was  below  that  for 
other  types  with  more  or  less  important  livestock  enterprises. 

Cn  the  average  of  all  farms,  the  labor  used  in  the  operation 
of  power  and  equipment  was  about  equally  divided  between  field 
work  and  other  work  on  the  farm,  such  as  belt  work  and  hauling. 
Approximately  6  percent  of  the  total  labor  used  per  farm  in 
operating  power  and  equipment  was  for  hired  operations  and 
almost  7  percent  of  the  total  farm  labor  was  used  for  custom 
work.    Therefore,  work  hired  wa.s  more  than  offset  by  custom 
work  done.    At  an  average  rate  of  8  hours  per  day,  the  amount 
of  labor  spent  in  the  operation  of  power  and  equipment  was  194 
man-days  per  farm,  or  approximately  2  man-days  per  acre. 

Labor  used  in  the  operation  of  power  and  equipment  per  acre 
was  largest  on  small  farms  and  decreased  as  size  of  farm  in- 
creased (table  27).    The  decrease  is  particularly  marked  when 
farms  with  less  than  100  acres  of  cropland  are  compared  with 
those  having  more  than  100  acres. 
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Cf  the  total  labor  used  in  the  operation  of  power  and  equip- 
ment, a  larger  portion  is  employed  to  operate  animal  power 
than  mechanical  power  (table  28).    On  farms  with  less  than  50 
acres  of  cultivated  land,  nearly  half  of  the  total  labor  for  opera- 
tion of  power  was  used  to  operate  mechanical  power,  while  on 
farms  with  more  than  1*50  acres  less  than  a  third  of  the  labor 
operated  this  type  of  power.    A  greater  proportion  of  horses  on 
the  larger  farms  and  a  greater  need  for  man-labor  per  unit  of 
animal  power  were  the  main  reasons  for  this  relationship. 
Another  reason  is  shown  by  relating  man-hours  to  horsepower 
hours  used.    Horsepower  hours  per  man-hour  increased  with 
the  size  of  farm.    In  other  words,  as  the  size  of  farm  increased, 
an  increase  in  the  size  of  the  tractor  reduced  labor  needs.  On 
the  other  hand,  the  number  of  horse-hours  per  man-hour  showed 
no  consistent  change  as  the  size  of  farm  increased.    Cn  irrigated 
farms  the  most  common  size  of  animal  power  unit  was  a  two- 
horse  team.    The  size  of  team  used  did  not  increase  with  size 
of  farm  but  additional  work  was  done  by  additional  teams  which 
required  additional  man-labor. 

In  tables  32  and  33,  the  work  accomplished  per  10 -hour  day 
and  the  average  number  of  man-hours  per  acre  are  given  for  all 
individual  field  operations  reported  by  types  of  power  and  sizes 
of  implements,  regardless  of  the  adequacy  of  the  sample.  Al- 
though smaller  implements  were  generally  used  with  teams,  the 
amount  of  labor  using  horses  for  many  field  operations  averaged 
more  than  twice  the  labor  used  per  acre  using  tractors.  Even 
for  comparable  sizes  of  implements  and  a  sufficiently  large  num- 
ber of  cases,  man-labor  using  horses  was  twice  the  amount  of 
that  using  tractors  in  operations  in  which  the  tractor  was  unable 
to  overcome  an  unfavorable  relationship  between  power  and  imple- 
ment by  greater  speed. 

This  may  be  illustrated  by  comparing  labor  use  for  harrowing 
with  that  for  drilling  grain.    In  harrowing,  a  tractor  pulling  a 
two-,  three-,  ,  or  four-section  spike.tooth  harrow  could  generally 
overcome  the  disadvantage  of  an  insufficient  load  by  greater 
speed.    Labor  used  was  half  that  when  horses  were  employed 
to  pull  an  implement  of  the  same  size.    In  drilling  grain,  the 
tractor,  by  greater  speed,  could  not  fully  overcome  the  dis- 
advantage of  an  insufficient  load.    Labor  used  was  more  than 
half  that  using  horses  to  pull  the  same  size  of  drill.    Labor  use 
in  production  of  crops,  as  discussed  here,  includes  labor  employed 
in  operation  of  power  for  field  work  only.    Therefore,  labor  use 
for  such  work  as  irrigating  crops  or  other  necessary  hand  labor, 
including  hauling  jobs,  must  be  added  to  obtain  total  labor  use  for 
various  crops. 
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Similar  to  the  classification  of  power  used  in  production 
of  major  crops,  labor  use  has  been  shown  in  table  29  by  major 
groups  of  field  operations,  that  is,  land  preparation,  planting, 
crop  cultivation,  and  harvesting.    For  grain  crops,  about  40 
percent  of  the  total  labor  used  in  operation  of  power  was  used 
in  land  preparation.    These  operations  required  a  somewhat 
higher  proportion  of  the  total  horsepower  hours  used.    In  all 
other  groups  of  field  operations,  horsepower  hours  used  con- 
stituted a  smaller  proportion  as  compared  with  the  proportion 
of  labor  used  for  various  groups  of  field  operations.    A  somewhat 
higher  labor  use  per  acre  of  barley  than  of  wheat  was  due  chiefly 
to  the  crop  rotation  and  the  need  for  plowing  on  a  larger  propor- 
tion of  farms.    Planting  and  cultivation  of  grain  crops  required 
relatively  small  amounts  of  labor,  while  harvesting  constituted 
a  major  load  for  available  labor.    Total  labor  use  for  operating 
power  in  production  of  grain  crops  averaged  about  6.  5  man-hours. 

Greater  amounts  of  power  and  labor  were  used  in  production 
of  row  crops.    In  this  respect,  potatoes  and  sugar  beets  were 
quite  similar.    Preparation  of  land,  because  of  the  particular 
place  these  crops  occupied  in  the  rotation,  showed  approximately 
equal  amounts  of  labor  used.    The  planting  of  potatoes  required 
more  time  per  acre  and  consequently  showed  a  higher  use  of 
labor  than  the  planting  of  sugar  beets.    Slightly  more  labor  was 
used  in  cultivating  potatoes  than  sugar  beets,  while  the  harvesting 
of  beets  required  more  labor  than  that  of  potatoes.    In  total, 
potatoes  used  about  one  hour  more  labor  per  acre  than  sugar 
beets.    Use  of  labor  in  operation  of  power  per  acre  of  potatoes 
was  about  14.  5  man-hours;  that  for  sugar  beets,  between  13  and 
13.  5  hours-    For  dry  beans,  which  were  important  in  the  Twin 
Falls -Minidoka  Area  only,  the  use  of  labor  for  operating  power 
was  lower  than  for  the  other  major  row  crops.    However,  a  pro- 
portionately larger  amount  of  the  total  was  devoted  to  preparation 
of  land.    Planting  and  cultivating  operations  for  beans  required 
relatively  small  amounts  of  labor.    Harvesting  beans  consisted 
of  a  series  of  field  operations,  each  using  small  amounts  of  labor 
which  in  total  equaled  or  exceeded  those  for  other  row  crops. 
Total  labor  use  for  machine  operation  in  field  work  per  acre  of 
beans, was  slightly  over  12  man-hours. 

On  irrigated  farms  alfalfa  is  an  important  crop  in  the  rotation. 
Therefore,  the  amount  of  labor  used  per  acre,  as  well  as  the  total 
for  this  crop,  is  significant.    Labor  use  for  this  crop  applies  to 
established  stands  only;  thus,  in  addition  to  the  other  limitation 
mentioned  above,  no  allowance  is  made  for  planting  operations. 
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In  almost  all  cases,  alfalfa  was  seeded  with  wheat  or  barley 
as  a  nurse  crop  and  both  power  and  labor  use  attributable  to 
seeding  alfalfa  could  not  be  segregated  from  that  for  the  nurse 
crop.    In  the  Upper  Snake  River  Area,  two  cuttings  of  alfalfa 
were  the  general  rule,  while  in  the  major  areas  to  the  west, 
which  have  longer  growing  seasons,  three  cuttings  were  made. 
Cultivation  of  alfalfa  fields  was  a  more  common  practice  where 
three  cuttings  were  made,  and  this  increased  the  total  labor 
use  per  acre  for  field  operations  on  these  fields.  Harvesting 
on  fields  with  three  cuttings  required  generally  a  third  more 
labor.    Thus,  per  cutting,  there  was  no  significant  difference 
between  the  amount  of  labor  used  on  fields  of  two  or  three 
cuttings.    Total  labor  use  amounted  to  almost  4  hours  on  fields 
with  two  cuttings,  and  6  man-hours  on  fields  with  three  cuttings 

The  preceding  discussions  have  included  the  increase  in  the 
use  of  labor  as  well  as  that  of  power  accompanying  an  increase 
in  the  size  of  farm.    The  significant  points  were  that  labor  in- 
creased by  about  36  man-days  of  work  for  each  10  acres  of 
cultivated  land  on  cash- crop  farms  and  by  almost  50  man-days 
for  each  10  acres  on  mixed  cash-crop-livestock  farms,  a  con- 
siderably greater  proportionate  increase  on  the  latter  than  on 
the  former.    Use  of  power,  on  the  other  hand,  did  not  show  a 
proportionately  greater  increase  on  mixed  cash-crop-livestock 
farms.    On  these  farms,  with  each  increase  of  10  acres  in 
size  of  farm,  as  measured  by  number  of  cultivated  acres,  con- 
sumption of  energy  increased  by  865  horsepower  hours,  while 
on  specialized  cash-crop  farms  an  increase  of  775  horsepower 
hours  accompanied  a  10 -acre  increase  in  size  of  farm  (figure  6) 
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rable  33»~  Summary  of  horse  field  operations,  three  major  irrigated  areas, 

southern  Idaho,  191+0 


Field 
operation 


Cases 


Number 


Land  preparation 


Width 
of 

implement 


Number 

of 
horses 


:  Work    : Horse:  Equiv. :  Jfcn- 
:     per     : hours: HP  hrs.:  hours 
: 10-hour :    per :  per 

day    \  acre  i    agre  :acre. 


jNumber*  Acres  t Hours  ilHP  hr»  I  Hours 


Harrowing,  spike-  .  ! 

i  37 

2tssection 

\ 

2 

17,3 

1.3 

1.9 

0.6 

tooth    •  •  •  •  «  ..  ! 

i  2h 

2-section 

I 

3 

17  »U 

1.9 

2.8 

0.6 

!  21 

t 

2-section 

: 

h 

20.0 

2.2 

3.2 

0.6 

!  17 

• 

• 

3-section 

: 

2 

23.8 

0.9 

l.h 

0.5 

i  7 

• 
• 

3-section 

• 
• 

3 

21.2 

1.6 

2.3 

0.5 

:  U6 

§ 
t 

3-section 

h 

27-7 

1.6 

2.3 

0,1+ 

!  9 

: 

l+-section 

h 

26.1+ 

1.7 

2.6 

0.1+ 

i 

Cul.tipacking  or  j 

t  28 

: 

* 
• 

8-foot 

2 

18. 3 

1.2 

2.6 

0.6 

!  10 

• 
• 

10-foot 

2 

17.8 

Uh 

3.0 

0.6 

i 

!  2 

: 

12-foot 

2 

30.5 

0.9 

1.8 

0.1+ 

.larking  out — vege- 
table row  crops  . 


leveling 


Diking    . 

Corrugating  •  •  •  • 


Planting 

Drilling  grain  •  . 


. : 


u 

!  l+-row 

!  2 

2.2 

1+.3 

1.2 

6  ! 

8-foot  ! 

!  2 

13.8 

1.7 

3.2 

0.8 

5  ' 

!        8-foot  i 

3 

10-6 

2.9 

5.2 

1.0 

12  ! 

:        8-foot  : 

•  1+ 

17.8 

2.5 

1+.6 

0.6 

3  « 

:  10-foot 

!  2 

15.3 

1.3 

2.5 

0.7 

3  1 

10-foot  ! 

3 

16.5 

2.1 

l+.o 

0.7 

11+  » 

10-foot  : 

»  h 

17.3 

2.7 

1+.9 

0.6 

6  ! 

!      12-foot  : 

•  .  k 

21+.7 

1.8 

3.1* 

0.1+ 

25  I 

2 

29.8 

0.9 

2.1 

0.1+ 

30  1 

:         2-row  i 

2 

10.6 

2.1 

i+.2 

1.0 

1+8 

:      .    3-row  ! 

2 

12.0 

1.8 

3.5 

0.9 

k  » 

1         3 -row  ; 

h 

15.8 

2.6 

5.0 

0.7 

50  ! 

!            1+-FOW  ! 

1  2 

1I+.0' 

1.6 

3.3 

0.9 

6  1 

:         i+-row  ! 

•  k 

21.9 

1.9 

1+.0 

0.5 

9  ' 

!         5 -row  ! 

t 

1  2 

16.5 

1.3  ■ 

2.6 

0.7 

1+ ! 

« 

!           5-fOOt  ! 

$£i  2 

12.7 

1.7 

3.1 

1.0 

hk  : 

!           6-fOOt  ! 

:  2 

10.9 

1.9 

3.U 

1.0 

12  : 

6-foot  :  3 

11.7 

2.6 

U.8 

1.0 

6  ! 

!        6-foot  : 

•  1+ 

13.1 

3.0 

5.7 

0.9 

17  » 

7-foot  ! 

2 

11.2 

1.9 

3.3 

1.0 

7 

!           7-fOOt  ! 

1  3 

12.6 

2.6 

1+.8 

0.9 

5 

!       7-foot  . 

t  1+ 

13.3 

3.2 

5.6 

0.9 

7  « 

8-f00t  ! 

!  2 

11.7 

1.8 

3.1 

0.9 

12 

:       8-foot  ! 

!  3 

13.5 

2.3 

1+.2 

0.8 

27  : 

!          8-fOOt  ! 

14.9 

2.9 

5.3 

0.8 

5  - 

10-foot  ! 

1  h 

ll+.O 

3.2 

5.9 

0.8 

L/  Includes  servicing  of  machines,  but  no  chore  labor,  and  more  (Continued) 
than  one-man  crew  where  used. 
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Table  33 »-  Summary  of  horse  field  operations,  three  major  irrigated  areas, 

southern  Idaho,  19U0  (Continued) 


1 

Field  : 
operation  ! 

Cases 

Width  ! 
of 

implement  [ 

Number  * 

of  ; 

horses [ 

Work    : Horse:  Equiv. J  Man- 

per    J  hours: HP  hrs.:  hours 
10-hour'  per  :    per    :  peT/ 
dav    s  acre:    acre  :acre_/ 

Number  i 

Number : 

Acres  tHours:EHP  hr.: 

Hours 

Planting  i 

5.h 

Planting  potatoes  i 

75  s         1-row  s 

2 

U.o 

8.0 

2.2 

5  1 

2-row  s 

h 

*-r 

10,3 

l+.o 

7.9 

1.2 

Planting  beets     •  j 

< 

i4— row 

2 

12,1 

1.8 

h.h 

Planting  beans     •  i 

i     6h  ! 

li-row  ! 

2 

1 1,  0 

0.8 

PI  ft  n*f" itio*  r^pfl  s  * 

(drill) 

!  7 

8-foot  ! 

h 

T  O  7. 

0.9 

Planting  -peas  ! 

ll-row  ! 

(planter)  .....,! 

i      12  : 

!  2 

11,0 

2.0 

3.3 

1.0 

Planting  corn  •  •  « 

t         2-row  j 

•  2 

10,2 

2.2 

5.0 

1.1 

1           i+  1 

!         I|.-row  : 

!  2 

11.8 

1.8 

h.l 

0.9 

Planting  vegetable 

■ 

seed  crops    •  •  •  < 

!         11  ! 

i         i4.-row  : 

2 

1 

10.1 

2.1 

3.6 

1.1 

Cultivating  : 

€ 

1  4 

1 

1 

potatoes     •  .  •  •  ! 

!         DC  ! 

1— row  ! 

2 

6.3 

5.1* 

5.2 

1.7 

Cultivating  beets 

!     76  ! 

!  il-rOW 

1  2 

11  .4 

1.0 

4..? 

0.9 

'Cultivating  beans 

1  1 

!         24.— row 

2 

11+.3 

1.5 

3.9 

0.8 

Cultivating  corn 

i    .  31  I 

! 

i          1-row  ! 

1  2 

6  6 

1.8 

i  .  6 

s         2— row 

:     *  2 

o«l 

O.l 

uk 

Cultivating  vege- 

h.5 

tables'    •  •  •  <•  • 

L  13 

t  l+-row 

2 

10.7 

2.1 

0.9 

Harvesting 

h.h 

Mowing  alfalfa  • 

; ;  113 

s        5-foot  " 

p 

9.9 

2.1 

1.1 

: .  11 

!  6-fOOt 

!  2 

11.3 

'  1.8  • 

3.6 

1.0 

Raking  hay    • .  •  . 

:  '  20 

!  7-^foot 

:  2 

17.8 

1.2 

2.8 

0.6 

:  37 

:  8-foot 

:  2 

16,9 

1.3 

3.0 

0.6 

s  9-foot 

»  2 

17.5 

1.3 

3.0 

0.6 

•  * 

:  16 

:  10-foot 

:  1 

20.8 

0.6 

l.h 

0.5 

:  IOJ4 

:  10-foot 

:  2 

18.8 

1.2 

2.9 

0.6 

:  18 

:  12-foot 

:  2 

18.7 

1.2 

3.1 

0.6 

17    Includes  servicing  of  machines,  but  no  chore  labor,  and  more 

than  one-man  crew  where  used.  (Continued) 
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able  33 •"  Summary  of  horse  field  operations,  three  major  irrigated  areas, 

southern  Idaho,  19^0  (Continued) 


Field 
operation 


t 

Cases 

t 


Width 
of 

implement 


Number 

of 
horses 


:  Work    tHorse:  Equiv. t  Man- 
:    per    : hours  * HP  hrs.s  hours 
: 10-hour  J  per  •    per    :  Pe? 


day 


acre'    acre  iacre_' 


V 


:  Number 

| 

t  Number : 

Acres 

: Hours :EHP  hr.: 

Hours 

Harvesting 

> 

! 

Bunching  hay  •  • 

• 

i       8  :  8-foot 

»  2 

18.9 

1.1 

;  2.i+ 

0.6 

s  29 

s  9-foot 

:  d 

1/  .o 

1.2 

2.6 

U.o 

!  92 

i  10-foot 

t  d 

in  ^ 
19.D 

1.1 

2.5 

ft"  w  *^ 

0.5 

# 

:      10  < 

!  12-foot 

1  2 

18.1 

1.2 

2.7 

0.6 

Binding  grain  • 

• 

!  26 

s  6-foot 

!  3 

io.u 

3.1 

6.1 

1.1 

!  10 

s  6-foot 

:  h 

12.0 

3.5 

6.7 

1.0 

5  6 

:  7-foot 

«  h 

12.6 

3.4 

6.5 

0.9 

Digging  potatoes 

• 

i  19 

s  1-row 

:  U 

4.1 

10.3 

16.8 

2*7 

Lifting  beets  • 

i 

• 

>  i 

!      56  J  1-row 

1  2 

3.1 

6.8 

13.9 

.3.5. 

>  19 

t      :  .  1-row 

•  X 
!  J 

9.3 

19.1 

10  :        .  1-row  : 

'  1| 

3.9 

10.1+ 

20.9 

2.9 

Cut'hiTiP"  bpan^ 

• 

!       26  ! 

1 

!        ,  2-row  i 

i  2 

R.Q 
<-> .  y 

2.5 

4.2 

•      27  ' 

s       ,  U-row  ' 

t  2 

13.2 

1.6 

2.8 

0.9 

Raking  beans  •  • 

• 

7-fOOt  ! 

I  2 

17.5 

1.3 

3.1 

0.7 

15  i 

8-foot  ! 

!  2 

15.2 

1.5 

3.6 

0.8 

i 

t      22  1 

10-foot 

i  2 

13.7 

1.5 

0.8 

Cutting  peas 

li+  i 

i        5-foot  :  2 

7.1 

3.5 

7.1 

1.5 

Lifting  onions  .. 

.  i 

10  i 

i         2-row  ! 

2 

5.0 

4.2 

7.8 

2.1 

l/  Includes  servicing  of  machines,  but  no  chore  labor,  and  more  than  one-man 
crew  where  used. 
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Table  3U«-  Horsepower  developed  on  farms  having  one  tractor,  by  size  and  ex- 
tent of  annual  use  of  tractor,  three  major  irrigated  areas, 

southern  Idaho,  1940 


5  :  :  :Average: Average  s Average 


Size  of 
tractor 

\DBilF) 

s 

t  Hours 
* 

of  use  i 

Number 

of 
records 

average 

'rating 

;  of 

'tractor 
: 

: number 
:  of 
:  hours 
:  used 

:  horse-  : 
:  power  : 
:  hours  : 
:all  work: 

horse- 
power 
devel- 
oped 

\ 

Number 

:  'DBHP 

t  Hours 

:  HP  hr.  : 

HP 

Under  10  .....  f 

i  Under 

200  ! 

i  3 

9.lh 

177 

1,174 

6.6 

:    •  COO 

^      399    :  22 

9.54 

2,329 

7»6 

i  400 

-     599    :  19 

1 

498 

3,612 

7«3 

» - 
• 

:  600 

-     799  i 

*  9 

9.55 

723 

5,470 

7.6 

t  800 

-     999  " 

>  3 

9«07 

842 

5,609 

6.7 

i  1 , 000 

-  1,199  i 

>*  3 

1,088 

8,219 

7.6 

t  1,200 

and  over  1 

Average    .  .  • 

!  5* 

9.50 

■'  I  r\h 

U93 

3,629 

g  1 
7»4 

io-iU.99  .... 

:  Under 

200  s 

i  18 

12.76 

140 , 

1,201 

8.6 

:  200 

-  399 

f  3h 

12,11 

298 

2,364 

1*9 

■s  400 

-  599 

»  25 

Id. 11 

474 

4,  040 

R  C 

:  600 

-  799 

i  11 

1  o  oa 

Arc 

c  roc; 

R  C 

t  800 

-  999 

!  7 

Id  .09 

D  1. 
0»4 

• 

:  1,000 

-  1,199    :  2 

10.y6 

t   1  n  . 
1,104 

i  0  ar£ 

iu.9 

i  1,200 

and  over  ! 

1  1 

13*56 

1,305 

13,386 

10.3 

Average  .... 

12.31 

427 

-  3,6^5 

II  1" 

00 

15-19.99  .... 

Under'  200  ) 

i  11 

17.05 

I46 

1,698 

11.6 

:  200 

-  399 

»  32 

17*50 

00/ 

286 

3,262 

11*4 

:  h00 

-  599 

!  12 

17.13 

499 

r—     r— /~\  <— \ 

5,592 

11.2 

:  600 

-  799 

i  15 

17.61 

67O  . 

-  8,299 

12.4 

:  800 

-     999    «  7 

17.33 

869 

10,672 

12. 3 

:  -1,000 

-  1,199 

1  h 

17.01 

l,09k 

Id, 063 

ll.O 

:  1,200 

and  over 

!  1 

19.13 

0  aaR 
d,UUO 

lit? 

Average    ...  • 

17.39 

479 

5,652 

11.8 

?n-?)i  QQ 

s  Under 

200 

1  2 

2  306 

16.2 

:  200 

-  399 

!  8 

21.93 

295 

4,390 

11+.9 

s  400 

-  599 

!  5 

21.69 

470 

7,265 

15.5 

:  600 

-     799    t  2 

22.64 

691 

10,183 

14.7 

:  800 

-  999 

I  1 

22.61+ 

865 

15,231 

17.6 

:  1,000 

-  1,199 

1 

:  1,200 

and  over 

Average  ... 

\  IF 

21.80 

6',  203 

i5.il 

(Continued) 
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Table  3U."  Horsepower  developed  on  farms  having  one  tractor,  by  size  and  ex- 
tent of  annual  use  of  tractor,  three  major  irrigated  areas. 


southern  Idaho,  I9I4Q  (Continued) 

Size  of 

1 

. Average 

» Average: Average 

:Average 

: Numb  er 

: number 

;  horse- 

:  horse- 

tractor 

t  Hours 

pf  use      :  of 

[rating 
01 

:  of 

j  power 

:  power 

(DBHP) 

zrecords 

'tractor 

:  hours 

j  hours 

t  devel- 

1 

:  used 

j all  work:  oped 

t Number' 

;  DBHP 

:  Hours 

:  HP  hr. 

:  HP 

25  and  over  .  . 

• 

i  Under 

200           »  1 

25.11 

153 

2,5U5 

16.6 

!  200 

-      399  1 

— 

-- 

-- 

!  I4OO 

-     599  « 

t  1 

28.97 

553 

9,075 

16.U 

:  600 

-  799 

— 

i  •  800 

-  999 

— 

-- 

Average  •  •  • 

• 

~2~ 

27.01, 

553* 

5,  BIO 

All  sizes  •  •  • 

Under 

200  i 

i  35 

1U.63 

1U6 

i,U57 

10.0 

1  200 

-     399  1 

96 

iU.il* 

296 

2,637 

8.9 

Uoo 

-     599  ! 

62 

13.36 

U87 

U,55i 

9.3 

!  600 

-     799  ! 

37 

1U.31 

689 

6,977 

10.1 

800 

-     999  i 

18 

1U.52 

876 

8,8U9 

10.1 

1,000 

-  1,199  • 

9 

11.32 

1,09U 

H,lU3 

10.2 

s 

1,200 

and  over  j 

2 

16.35 

1,657 

18,0lU 

10.9 

Average  •  •  • 

j 

259" 

1U.05 

U56 

9.8 
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Table  35»~  Number  of  farms  having  one  tractor  each,  by  type  of  farm,  and 
by  size  and  extent  of  annual  use  of  tractor, 
three  major  irrigated  areas,  southern  Idaho,  19U0 


Type  of  farm 
and 

size  of  tractor 


Livestock  farms 
Under  10  HP  •  , 
10-1U.99  HP  .  , 
15-19.99  HP  .  , 
20-21.1.99  HP  .  , 
25  HP  and  over 
All  sizes     .  , 

Cash-crop  farms 
Under  10  HP  .  , 
10-11+.99  HP  .  , 
15-19.99  HP  .  , 
20-2^.99  HP  .  , 
25  HP  and  over 
All  sizes     .  , 


Mixed  cash-crop- 
livestock  farms 

Under  10  HP  .  . 

10-1U.99  HP  .  . 

15-19.99  HP  .  . 

20-2^.99  HP  .  . 

25  HP  and  over 
All  sizes     .  * 

All  farms 

Under  10  HP  .  . 

10-11+.99  HP  .  . 

15-19.99  HP  .  . 

20-214.99  HP  .  . 
25  HP  and  over 

All  sizes     .  . 


Extent  of  annual  use  of  tractor 
200  :  U00  :  600  :  800 
to    :  to     :  to    :  to 


599 
Hr.~ 


k 
7 
1 


T2T 


599 
Hr." 


799  :  999_ 
Hr.  :  Hr. 


1,000  :1,20TT 

to  : hours 

1,199  ;&  over 

Hr.  :  Hr. 


3 
2 
2 
2 


T 


All 
groups 

Hr7~ 


5 
12 
12 

h 


33" 


1 

9 

8 

7 

1 

26 

10 

21 

11 

7 

5  . 

2 

56 

6 

18 

h 

5 

2 

1 

3h 

5 

2 

2 

1 

10 

1 

1 

IF 

3J 

25" 

TS 

"B" 

T 

T27 

1 

13 

8 

1 

3 

2 

28 

h 

9 

12 

2 

2 

1 

30 

3 

7 

6 

12 

5 

3 

36 

1 

2 

1 

1 

1 

9 

31 

m 

15 

To 

~5 

T 

99 

3 

22 

19 

9 

3 

3 

59 

18 

3U 

25 

11 

7 

2 

1 

98 

11 

32 

12 

15 

7 

1+ 

1 

82 

2 

8 

5 

2 

1 

18 

1 

1 

2 

35 

5£ 

52 

37 

IF 

"7 

~2" 

23? 

